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The opject with which these short Notes are composed is to 
SES them usefyl to suber djpales in the Irrigation Deparlinont, 
I vant to make thoso N ie briof ag they are, as complolo as 
possible. It is therefore sebmitied to the professional readers 
for criticism, «suggestions and corrections, ‘The Ist odition 
will be brought out after necessary corrections are made in 


the light of criticisfa from: qualified mon, 


SABALGARH, 
: S, KR. -GURTU, 


Digs th* March 1908, 


CHAPTER I. 
INTRODUCTORY. 


. SECTION 1, 


oe 


Sources of Irrigation in the Gwalior State, 


Most part of the Gwalior State is hilly, and 
abounds in Nala’ attd® rafines, in which the water 
flows during the rains, and which run dry at the end 
of the wet season. There sare no perennial streams; 
even Sindh and Chambal dry up, or hold very little 
avater, in summer, Thus irrigation by canals is im- 
possible, The gnly two remaining sources of irviga- 
tion are—irrigation*by wells, and jrrigation by tanks 
Well sinking» is not always resorted to in this Stag. 
owing to the sub-soil water level being al considerable 
epths, and to reach to that level boring in b&b rock 
is nocétgary, the cost of which issoften prohibitive, 
Most of the wells sunk are not?for this reason, curried 
to sub-soil water levgl, with the consequence that they 
dry up in summer ;—just at-the time when they are 
most needed. Only here and thera rich land-halders 
spend large sums of moncy in carrying their wella to 
the sub-soil water level, P ; 








eo 
Irrigation by canals being impossibX, Mid the 
construction of wells rot bringing proportionate re- 
turn for the money expended, people find it very 
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much cheaper and easier to bund up Nalas and store 
up supply of water sufficient for their purposes. Upto 
very late tanks were constructed in a very crude and 
unscientific way. People contented thethselggs with 
bunding up Nalas and providing outlets for drawitig 
off water, when necessary: ‘It often hapfpened! that a 
heavy and brisk downpour was sufficient to fill the tank 
to the brim, after which the water overflowed the earth 
en Bund, doing it great damage and sometimes 
breaching it badly. No mathematically ‘calculated 
escapes were provided for the surplue water to rut 
off from, without heading up to the top of the Bund 
and overflowing it. It was Sir Michael Filose who 
firsttnaugurated the construction of tanks on a sound 
basis, A regular Irrigation Departmefit, however, 
was organised only very lately, and method intro- 
duced in the construction of Byndse 


fli will thus be clear that Irrigation by tanks in 
this state, is the cheapest mean8 of Irrigation, proved 
by long experience. Moreover the configuration of 
the ground lends itfelf vefy easily to the constwiction 
of tanks. Suitable sites for Bunds ure to be met with 
everywhere, und if money and attention are devoted - 
to this branch of [rrigation*it will be found that Irri- 
gation by tanks is as cheap, if not cheaper, than canal 
irrigation in thefPunjab and the United Provinces, 


The coat ofsconstructing and maintaining Bunds 
is considerably less than that of canals, only the 
Bunds should be constructed on’agrander scale and 
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with groater factors of safety than allowed heretofore. 
If the construction ¢& tanks goes on actively, the 
whole of the State will m course of time, be covered 
by a net work-of tanks,4vhich will protect large areas 
_ frem dyguglt and famine, leading to the prosperity 
oftthe State and the ryots, 


SECTION 2, 
. Functions of Irrigation Works. 


In his admirable work on Irrigation Colonel 
Clibborn, late Principal of Roorkee Engineer College, 
gives fhe following 9 fustctions of Irrigation vis :-—~ 


(1) Prornorton, (6) PuANration. 
(2) Improvement or Chors. (7) Naviaattron, 
(3) Avprrfon To THE WEALTIL (8) Barnina, 

OV THE COUNTRY. 

* 

(4) Inorwash og POPULATION, — (1) Waren Pownr, 
5) Evvugr on finauru aANp 
( Q 

OLIMATH, 


(1) Prorgerton. 


U£ all the considerations whith len to the exten 
sion of irrigation works this is the most important, 
To a person who has been an eye-wituess to the har. 
rowing misery of the people in times of drought, the 
importance of Irrigation works admits of no question, 
The more extensive the irvigutiom& the larger the 
area which would he protects Mom the ruinous 
effects ‘of water-famine, Relief workehi times of 
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famiue ave mere make-shifts ; they very inadequately 
meet the difficulty, and provide no security against 
the xecurrence of famine. It is too sanguine optis 
mism to take vefuge in the belief that fmnines will not 
recur, without taking effective measures agginst their 
possible visitation. Years of plenty should bo regard. 
ed as breathing spaces allowed by wise Providence 
for us to guard against the recurrence of famines, 
The only means of combating a famine is by the 
extension of irrigation. Under the liberal adminis. 
tration of our present ruler, ifrigation kas received 
an impetus unknown befgre, ,and if as to be hoped 
that by further extension of irrigation, it wilPbe pos- 
sible to see famine pass over the land without affect- 
ing it seriously, 


(2) Inmrrovemenr or Orovs. 


Crops which’ depend upon. vain“fall for growth 
cand nourishment°are not so géod as_ those which 
Preive a regular supply of water. Rain-fall does as 
much injury sometimes by its excess as by its scarcity, 
not so the water in tanks which cari be regulated 

according to neecl, 


(8) ADDITION TO THE WHALTTh OF THE Country, 


This is evident. If there were more irrigation 
works than at présent, the Kund-holder could bring 
greater area urfler cultivation, thereby reaping greater 

° Pr! al : 
profit himself, indsgiving larger sums to the State in 
e 
the shape Bi-revenuee. 


08 9) 
(4) Incrsash OF POPULALION, 


From the vestiges of ancient greatness, which are 
yet to,be seen in the Surwaya Taluqa of Ilis Highness’s 
Dominions, it is patent to even a castial observer that 
this Pistrict must have been highly populous in 

“times gone-by. Now it is all desolate, * Prior to the 
construction of [rrigation works—Tanks and Wells— 
eby the Land Records Department, there was hardly 
any water to be met with for miles around. Those 
who have read the ancient history of the migration of 
Aryans, and of other races in recenttimes, w ith any care, 
‘nustehave noticod that the immigrants ulways chose 
that spot for settlement which was fertile and lad 
some perennial supply of water, as a river, in itvevici- 
nity. The Aryans settled down in the Punjab and 
Upper Hindustan in preference to the avid lands of 
Rajputana. 


Supply watef in any partiedlar locality und aon 
ave bound to attract, settlers in courte of time’ of 
course productivenuss of the soil is a sfneyua non 

(5) Chrats AND MALO, 

Excessive heat is too” distressing au glement 
in the climate of Jashkar, Add to this the heaps of 
putrid and putvifying rubbish lying ensconved in the 
depths of the Nala whjch interscots the city, causing 
miasmatic oxhalations, and you havega simple explus 
nation, of the inselubriousmess oe! the climate of 
Lashkar. ‘The mosyuilo pest also is flygCo the filthi- 
ness of the town. With tl the outbreak of mousoon these 
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symptoms are greatly heightened. With the bunting 
up of the Nala, introduction of irrigation works, and 
proper cunservancy arrangements, it is possible to im- 
prove the climate of Lashkar, hemmied though it is 
on all sides by hills, which irr aidinte® heag in ‘the 
scorching days of summer. Of course strict nfea- 
sures shall have to be taken to prevent ‘any rubbish or 
filth being thrown into the Nala, as is now the practice. 
Some might object to this scheme as likely to breed 
disease by water-logging the soil, I can, in refutation, 
only cite the example of the Naddi at Indore which 
passes through the Residdhcy ‘limits, ‘but its buntl- 
ing up has not evoked any cry from the “medical 
authorities, in respect of ilg.affecting the health of the 
people injuriously. No water- “logging 1 need be feared 
here as the moisture of the Nala would serve to absorb 
the excessive heat—one would nullify the other. 


6) Pranratfon, 


No special attention haseyet been bestowed upon 
the Conservation of Forests, though the beginnings of 
it areto be seen¢in the creation of a” Dang Depart 
ment, but the proper onservation of forests requires 
efficient and qualified supervision, The British Gov- 
ernment have a regular institution, where Forest Con- 
servators are trained and educated. Only an expert 
can say what tgees ave to be preserved and what rooted 
out. If treed yielding fruit and good timber are 
planted DS gtd around all big tanks, they will, in 
time, be a source of income to the State. Lac, Gum, 
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Catechu, Chironji seed, Mhown and other things can be 
raised in forests, yielding good revenue. 

It ig a meteorological phenomenon that places 
whigh age thickly , covered with forests, attract more 
rain than thosg denuded of trees. Sir John Malcolm 
says, in his “ Malwa” that prior to the destruction of 
forests in Central [ndia the average rain-fall stood at 
about 55 inches annually and now the average does 
not go beyond 85 inches or so. 

att ) _Nayiearton, 

Tits is quite out of question in this State, hav- 

ing no big navigable rivers like the Ganges or dain, 
(8) Batrine. 


This item too has its recommendation in hig 
towns like Lashkar. If large tanks can be constructed 
in the vicinity of litge cities, apart from adding to 
their pictar esqueness, they woulff be highly appro, 
ciated by the urban popelation as bathing places, ‘To 
a Hindu it is a real treat to have a Wnuk near thet city 
for bathing and morning prayers, 

(9) Warsr-Powrr, 

This has not ypyet reccived the attention it 
deserves. Syed Jrfer Husatn, who. prepared « the 
Sindh Project, told me oace that the Sindh had seve- 
ral sites favorable for the construction of falls, and 
thereby giving water-power suflicigit © work mills, 
No doubt the Chambal too must hav® any good 
points of this character., 
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CHAPTER IL. 
TANKS 


All ‘the tanks in this State fall undé” three 
heads viz :—* 


(1) Susseraine Tanks. (2) SUBMERGING TANKS 
" 
WITH OUTSIDE IRRIGATION. (3) ResERVvoIR TANKS. 


SuBMERGING TANKS. 


Submerging tanks are constructed to submerge 
large tracts of land within the tanks, the land outside 
not being of such a character as could be brought 
under cultivation, Cases, however, sometimes occur 
when the land outside the tank is of a good quality, 
buf, the tank can not impound water sufficient to 
subiner ee the jand inside and eave some surplus for 
the lari fd outside. Such tanks are constructed merely 
with the view of storing sufficient quantity of water 
to keep the land submerged wet till the season for 
Rabi crop comes, when water is let off through scour. 
ing-slyices, and the moist land is brought under cul- 
tivation, yielding good harvest of wheat or gram. 
Submerging tanks serve the following 3 useful 
purposes: — ‘ 

(ny They ‘bring a large Parat area under culti- 


vation, leading to a direct return to the 
State in the shape ¢ of land-revenue. 
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. (ti,) The vain-water brings with it rich manure 
from places it passes over, in the shape vf 
dissolved cow-dung and other robting’ and 
rotten vegetable mitter which serve bo ferti- 
rise fhe soil and render it more productive. 
Tt not infrequently happens thatrthe land 
‘which, former! y yielded 7ili or some other 
inferior crop, begins to yield wheat and 
gram, after the construction of a tank | 

(ui.) The uneven Jand around the Nilé across 
which the Bund is thrown becomes, in 
course df time, oife level piece of ground. 
Gwalior being notably a hilly country the 
rain water flows eff the Jand with an oracl- 
ing action, with the result that, yeu by 
year, the ground round about the hilly 
Nilds gp ravines is cut slowly into Behur, und 
much profictive soil washed off Lo the sea, 
leaving the land bafér and poorer | 
Traces of earthy crust having been Wwashiad 
avay, leaving bare rock behind, ar’ te he 

_ found’ every where ig (his tate, 


. » ° « * 

Kaitha, Soujna and other” Mons tn the Cind 
District ay examples of this denudation 
going ondrom times inmemprial Brngling 
up such Nilds grrests thi havoc, and turns 
an enevy intoa friend, in tyat the earth 
brought down by the Nalif intlood settles in 
the tank, and the Nalé gots*sipedeup in 
coarse of tine, 
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Naunan 'a kd Tél may be cited as a very good 
example of a submerging tank, The designer has 
been ‘very happy in his choice, as by throwing a small 
Bund across a Nali, he has been able to submerge a 
large tract of land, which yields nice wheat bathe Rabi 
season. The water of this tank is drawn off in’ the 
month of October and wheat gvown. “It isa typical 
example of a submerging tank, 


SECTION 2, 
SUBMERGING TANKS WITII QUTSIDE IRRIGATION. 


These tanks, as their _name implies, serve tyjvo 
ends, viz. they submerge and fortilise the lavd within 
the tank, and also irrigate the land under the com- 
mand of the tank outside, often as muchas that sub- 
merged. They are by far the most useful tanks in the 
State. Many tanks of this description lie scattered 
in different parts of this State* 


The water ofguch tanks is lst out about Devvali 
for bringing the land within the tank under tillage 
for Rabi crop, some having Been utilized for irrigating 
outside” rice-fields. Sometimes the escaping water 
serves to moistemsuch lands outside the tank as have, 
for want of having beéa ploughed up in the rainy 
season, become hard and dry. Such land can not ' 
produce wheat, but grows gram very well. 


It will not he out of place here to give a short 
account of how rice fields are irrigated, which will 


help in rightly estimating the quantity and depth of 
waterings s reyuiretl for rice crops. * 
jeu cia? “Win al ES 





al, {seen elena nesenmementeeeanenertanneienseteneeanine eae 


* On Syed Jafar Hosain’s authority. 
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Just at the commencement of the rainy season 
svhen the tanks are full of water and there is further 
hope of rain falling and re-filling the tank if it is onee 
emptied or parginlly emptied, rice is grown in the 
land-outfide the tank, and water carried to’ them 
through sluices along the ridges of the fields, The 
land is Rushed with water after being ploughed up 
and the water is allowed to soak into the earth for two 
or three days. Water is constantly poured into the 
fields—they,are not allowed to dry up. Thus all the 
vegetable matter in the fields gets rotten and serves as 
manures These fields are Sei again brought under 
the plough and seed thrown. Fresh water is poured 
into the fields. When the seed sprouts, the ridges are 
cut through angl the standing water let ont, The 

water which is kept in the fields till the seeds sprout, 
serves the tio-felcd rtpose of helping the seed to 
sproitt and keeping QE bitds ete. Frgun picking off the | 
seed thrown, It is a peculiarity With rice that, unliky 
other seeds, it is much Benefited by standing water 
instead of being injured, Of all the other erdpsg rice 
requires the grentest depth ofewaterine. + 


SECTION 3, 


Réservoir Tanks. . 


Reservoir Tanks ave supply tyks 2a keep 
stored up a large supply of water, whieh is meant to 
last for the whole year. Irom theft vowy matige they 

ean only be constructed { in hilly tracts where faver. 
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able sites for the construstion of Reservoir tanks 
abound. In'desiguing Resorvoirs these two condiy 
tions should not be lost sight of :—(i) That. sites 
should be selected where there is a great dip between 
two hifls to permit of a very deep, tank beige made 


at q comparatively small expense, (ii), That. the soil. 


where Reservoirs are designed should be impervious, 
as great loss’of head is occasioned by the absorption 
which goes on constantly and very actively in sandy 
soils The most desirable sail is rocky, next to 
whieh is Mar which refuses to absorb water beyond 
a certain amomt. Such fankseed not covar large 
areas, the great point in them is that they should be 
deep Lo minimise percolation and absorption, as the 
greater the surface, the more active arethe percolation 
absorption, andevaporation. —, Py 


>) 


Tn Reservoir Tanks submerend area is not taken 
count of, as the tairks are never intended to ran dry 
Teiving a wetted arca for culgivation, Reservoirs can 
.be uggivd in the following 7 ways, u/s.— 


1, For watering seattle. 2, Forirrigating Rabi 
crops below the tank. 8. To fill other submerg- 
ing tanks below them, through channels or 
escapes.. 4. Reclammtion of: Behur or broken 
ground, 5. aRaising of subsoil water Jeyel and 
thereby reducing the cost of sinking wells in their 
Vicinity. «6. providing a eC for water-fowls 
aud other beasts of prey. _7. Boating and other 
aquatic aniusemenuts, 


4 
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1, Watering Catile, 


Reservoirs are a desidorataim in Tis Higliness’s 
Forests aud Nang villages, where there is no perma- 
nent provision tor watering the cattle of thg villagers 
living’ i in Dangs. Saharyas, who lead a sort of 
nomadic lifesand live in great squalor dud poverty, 
can not afford to sink wells, the cost of which is con- 
siderable owing to subsoil water level being too deep 
Fdown, Living in the most rude manner, withontany 
worldly possessions they shift from place (o place for 
avant of water, Thas ajsence of water cneourages, 
ov rather forces them to live a life of vagabondism | 
If plenty of water is available on all sides these wild 
Saharyas are likely to séttle down in one place and 
turn peacefud cultivators in ime, The oeeupation of 
well-to-do Bunias and 7el/, in the Dang villages is 
to trade in @Ai » (Clarified butler) got fron cattle 
which grave in the L6rosts, Qecasionally they tit] 
small bits of land where water is obtaigable and dind 
productive, Under ite present cive tustanges in the 
years of droyght, and in the latter days of stumer, 
before the ontbrealk of rth, tf exttle-owners in 
Dangs have to carry their ca(tie as mineli us 10 to 12 
miles daily, or aligrnately, to places where water is 
obtainable | Seareity of waler in Sheopur Digtriot is 
100 well known to require any gouynent. There is 
plenty of grass in the Dangs, and if water were 
obtainable with as guch facility, njost depopulated 
districts are likely fo attract hotters, who would not 
only rear cattle butewill also bring inks til figre land 
which is lying barren for want Re witer, 
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2. Irrigation of Rabi crops below the Tanks. 


There are no hard and Last rules about the time 
for the sowing of Rabi crops, Tt extends from Octo- 
ber to January. In the Gralior State operatiqns for 
the raising of Rabi crops are commenced in October. 
twenty-one days after the casting of the’ seed trriga- 
tion begins, which goes on from time to time accord- 
ing to the reynirementsof the crops. The tst of March’ 
is about the time when the Rabi season is considered to 
terminate and no more irrigation is required til the 
next cold season, the Kharif crops mainly depending" 
on rain water for ther nonwishment and growth! 

Duty of water, 

The duty of water, as applied to tanks, is the 
area which can be irrigated by a discharge of one 
cubic foot per second dvonie a al nieo-hole, working 
continuously throughout the year. "Colonel Clibborn 
gives 300 acres or about 600 Gwalior bighas per cubic 
foot” per sézond asa ‘fair figuee.” A “dat of 300 
acres inxreqdal toa depth of 2°41 feet® all over the area 
and ignoring the lens in water-courses, which is, how- 
eyer, sometimes as muchas 20 to 10 per cent. of the 
total discharge. Taking 30 per cent. as an acrvage 
figure to work by 241 gets reduced to 17, 





* How this figtfe is Griived at— ° 
- 1": 1% 865 X 24 X 360" :: Leth, : welt. 
w== 865 x 24 + B60. tt 





Dividiey this by 800 acres, wo get the sloth of watering, 


865 x 24 X 860 
mm B00 & ISOS : if, 


CB) 
Depths of waterings. 

“The numbers of waterings given to each crop 
differ so widely according to soil, climate and season 
that it would not be of any practical use to specify 
ilierh gr general use”.* He gives the following table 
to “work by roughly (P. 27. Irrigation Manual.) 








DEPTS UN FIT. 


renner aonnineentomatin, 








Crops. 
First After ' 
watering, | watering, | Toran, 
—— - rn mmetetermenesninn [reentrant 
1] Wheat... ws one 250 186 136 
21 Barloy w.” © ate sie 186 ‘186 “B72 
3] Tobacco va. ove ove 1KG 125 SL 
4{ Optum a. ove or "TRG “25 “OLL 
6 | Carrots te oo 186 125 BL 
6 | Potatocn oes we 186 “L26 ‘SUL 
7 | Gardens...” tee = ys 8 “186 
8 | Sugar-cane evs wee 250 250 Ha) 
* 


Another authority gives the following depths 
of waterings for different crops. 











+ * 
Tobacco. | Potato, | Sugir-cane, Opin, Cardona, | Whent, 
eemmanempainnam lament yume enteimmectnedeteieudll Conse linoencemenl belied . i 
19 12 al es or ®] fay | 7 





{In Rajputana, a naturally dry country, 1,280,000 
eft. of water are dufficient, for 3 waterings of one neve 
i.e. ubout 3 fect depth of wateritg in 3 waforings, 
which is sufficient to*mect all domiands of leakage, 
evaporation aud irrigation. 


entrants nicer Simp aT ae fe EMRE eh tn ay 


Colonel Clibborn, 


t Extract from the *Momo. laid betore the pyemyation Conia 
sion hy the Jaipur State, 
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On this point Molesworth says:~— 

“Tn India mean duty per cubic foot per second 
is: 189 acres, Ganges canal, 215 acres Ja.nna cunal, 
Sugav-cane and rice 60 acres, wheat 180 acres Maize 
aud Millet 250 acres.” This arranged ina Trbulap 
form gives the following depths of waterings’ for 
different crops. 








Name of crop, Sugar-caue, | Rica, {| Wheat. | Matsa, | Millet, : 
Votal depth ob 9 2 ; ‘ ». 
watermes. 2 2 ig 4 ad ry 20 


By comparing the above'3 tables all" by eminent 
authorities it will be seen how very different are the 
‘conclusions arrived at, by, careful investigators ! 
This Giscrepancy is mainly due to the character of the 
soil, and the climate in which the experiments were 
made. In making calculations, however, it is always 
safe to take the highest figure,.unless there are cogent 
réasons to the contiry, Moleswéorth’s figures evi- 
deutty apply to arid soils, wheraloss by evap+ration 
and abgorption is considerable. Colonel Clibborn’s 
figures apply to sgils in. Upper Indid where the 
yellow soil issmostly to be met with, and the climate 
is more equale and mild than in Rajputana and other 
arid tracts, and bence the loss by‘\evaporation and 
absorption is considerabl y less. 


ial 
Depths of damp. The mean of a number of 
- measurements of the depth to which these waterings 
damp thg soil below the surface == 0°83." 
hr 





[pe mtete:ttre 








*Qoloucl Clibboiy, 
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3, To fill other submerging tanks below the Reservoir 
through channels or escapes. 


There are, in the Gwalior State, many favorable 

‘sites for-the construction of good tauks, but owing 
to smal ifiess of catchment basins, it is not considered 
profitable to econstruct such Bunds, and many an 
otherwise good tank is left unconstructed, Reservoir 
tanks can supply this deficiency and serve as large 
catchment areas to such tanks, In hilly districts 
where there are many suitable sites for the construc- 
tion of large Reservoirs, big supply tanks should he 
construeted, water can then be conveyed to tanks 
having poor catchment areas. 

Rechera Reservoir has specially been construeled 
by Syed JafareHosain to serve as a feeding tank to 
two other tanks below it. A move has not, however, 
been taken in ¢lfis direction by the Irrigation Depart. 
ment yet. Up till sow the aimee constructing all 
irvigation works has beep to make somethings whieh 
would yield a direct return in the shape of gevgnue. 
Té is a trite sayéng that failures ave more instructive 
than successes, and some matgin shoud’ be allowed 
for enterprises of this kind, which yield nothing 
directly, but sometipics result in immeuse advantages 
both to the ryot anfl the State. As Golonel Gildas 
well observes, when a¢Public Worka Departinent 
Engineer makes out his ostimates for grand buildings, 
which give no adequate sueeles turn, baton the 
contrary entail a yearly expense of eeccofint of 
Repairs and Maintenauae, it is mole considered neces 
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wary toask “What is the return for such a large 
outlay?” but if an irrigation project is brought 
on the tapis, the first question, every person thinks 
he hag a right to ask, is “ What would it yield ??" and 
the projéct “has a very poor chance of sanetiow if Us 
percentages are not satisfactory. Thus the Irrigation 
Department labours under a disadvantage, from ‘which 
other Departments of the P, W. D. are free. 


4, Reclamation of Behur or broken ground, 


This has already been touched upon. By 
‘gradual deposition of silt brought down. by floods a 
level and fertile piece of laitd is obtaitéd within the 
tank. This reclamation is not peculiar to Reservoir 
Tanks—it applies equally tg all the 3 kinds of tanks. 


5. Raising of subsoil water level. 


In some places where the subsoil water level is 
very much deep and the cost of constructing wells is 
prohibitive, construction of a Reser'voir not only raises 
the water level, ther eby rendering the, construction 
of wells cheaper, but all the Waste of water by absorp- 
tion ig nullified by sinking percolation wells below 
the tank whieh yjeld wager as long a§ the water in 
Reservoir does not dry ap. 


The great point in Reservoirs, as already 
observed, is not breadth se much dg depth, the deeper 
the tank the longer it will hold wre No fear need 
be entertained of the water, which has passed under 
ground by absor rption, tr avelling to a great distance 
from the tank, as the réte of travelling of the under. 
ground® waite 18 only one mile per year,* whi 
pos ee 
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6, Providing a resort for water-fowls and other 
beasts of prey. 

This item can only be appreciated by sportsmen 
who wearily wait for the outbreak of monsoon to 
begin etheir sporting excursions. Wherever there 
is a permanent supply of water, water-foyla flock in 
thousands, and multiply ina wondronsly short time, 
Large Reservoirs, thickly surrounded by jungle, allord 
a refuge to the beasts of prey, which always like to 
live in quiet sequestered corners in a thick jungle, 
In times of yore large gums were spent by sport-lov- 
ihe monarchs to preserv@ the game and encownge 
their Breed. Construction of Reservoirs in Forest 
villages,has these collateral advantages, in addition 
to utility for irrigation purposes. 

7. Boating. 


This sortef amtisement is wholly unknown in 
India, Though i i India all the ig rivers have many 
boats, they are only plied by professional rowers, 
for tansshipping passchgers from oug hank to qiiaher 
or conveying, goods, like other means of transit. 
Boating has not been taken ap by the higher classes 
as a means of amusement and oxercixe! ven ivhere 
this has been introduced, few people enter upon it 
with a zest and4animation knowh, at Oxford and 
Cambridge! Onr large tanks and Reservoirs offer 
exceptional facilities for this kind ofgunusement; it 
only remains for persons in the higher walks of life 
to take the lead, the middle clastes Wid], ole course, 
follow suit. 
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CHAPTER III. 


SOILS.” 


In a small treatise on ‘on alent it will ke but’ cot 
place to give an account of the geological formhtion 
of soils, or supply other technical information about 
them, but as so many blunders are committed daily 
in the construction of tanks unsuited for them, it will 
not be amiss to give a short account of the soils to be 
met with in this State and to point out whit sort of 

tanks are suited for differerfs soils. 


There are 8 kinds of soils to be met with in the 
Gwalior State we. (7.) Black cotton soil or Mar 
(w.) Yellow soil (dii.) Parwa (iv.) Demat soil (v.) 
Usar (vi) Moram (vii.) Bhur or sandy (witi.) Rocky 
soil, 

(2.) Blegh cotton or Mectr soit. 


This is by far the best sof for cultivation rit is 
niost productive and retains moisture most, Tt is of 
a dul] grey color aad is, when dried up, badl ly cracked, 
Tt does not, beyond @ certain limit, absorb any 

water, and that is why, when rain fulls excessively 
over-black cotton sail, it absorbs AK much water as 4 
would’ moisten it’ pnd then refuses to have any 
more, which collects on its surface, rendering the 





meen fates a sear sntteninnsttritnaretennanenyatrreitlndiatet 
6 4 


. heme . } ! 
Forgmuch information in this Chanter 1 am indebted! ‘atta. 


Jafar Tusain, 
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grownd impassable for days and weoks after the cea 
sation of rain. The carth when wetis of a sticky 
character and is most troublesome to walk on in the 
rainy , season. ‘Most of the soil in the Surwaya 
Taluga of His Highness’s Dominions, is ‘of this 
charatter. Addr soil grows wheat and gram of a very 
high order, as also opittm. Malwa is noted for its 
good wheat and good opium—it is all due to this soil. 
In A/ér soil large submerging tanks are indicated, 
The depth of water is not so much a point asa large 
submerged" area. Very little depth of watérings 


sifffices for this soil. 
(ii.) Yellow soit, 

This soil is protean in’character and color. Lwhas 
different varieties, from the yellow svil which is 
‘hardly at all inferior to black cotton soil to the yellow 
soil which partses,of the nature of sand and iy ute 
terly useless for the purposes of qMtivation, A kind® 
of ferruginous soil, sometimes mot with «in tee 
Gwalior State and which contains a great edepl of 
oxide of iron, also belongs to this class, Yellow soil 
from its numerous vaviclics is, most” difficult to clin 
tinguish and is therefore most treacherous, Particu- 
lar attention ae i devoted to finding whether a 
so called yellow sotl is good for cultivation, whether it 
can retain water or is ofa porous character. 


(114) Larwy soil, 


"a * * * > bal 
Farwa soil is properly a kind of yellow soil ; it 
ig more or loss sandy. | It yields good crops, The 
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soil of Panyar belongs to this class. -From observa 
tions made last year the loss of head by evaporation 
and absorbtion in the three months of August, 
September and October was six feet. Evaporation is 
not very active in these monthr, so all shis loss 
should be put down to absorbtion, Submerging’ tanks 
ave indicated for this kind of soil ; the land submerg. 
ed is brought under cultivation as soon as water 
recedes from it. 
(’v.) Dumat soil, ; 

This‘is a cross between black cotton and yellow 
or Parwa, soils and partakés of the propertios.of both, 
Reservoir tanks can be constructed in such soil, as 
loss of water dne to absorption is not very great. 

(v.) Usar, 
Usar proper is a name given to a soil having Reif 
or efflorescent salt which can hardly grow any thing, 
eexcept perhaps infgyior rice, This name is also given 
to.those, Banjar lands which are not cupable of syield.- 
ing any thing and are so hard that water docs not 
seem to penetrate then, but after gsulmersion’ for a 
long time and wlien the"Reh, if any, is washed off by 
mechanical means, it begins to grow ordinary crops._ 
The process of reclaiming such sails is very tedious 
and need not be-described here 


" (wi) MuFam, 
o 
It goes without saying, that there ig no 


a x . ¥ 7 . 

use in constr geting a tank on such soil, as it can 
. a ‘ 

neither servé as a storage tank, in that it can not re. 
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tain any water, nor as a submerging tank as it would 
anot grow any cereal. Manyar tank in Sipri is cons 
tructed on a bed of Morum ; it will be interesting to 
see how it works. 
(wit.’ Bhur or Sandy Soil. 
» 7 
This is all sand and nothing but sand, All re- 
marks about Morum apply to this. This is varely to 
be met with in Gwalior. 


(viii) Rocky. 
Rocky soflg admit of 0 cultivation but boing 
impervious are most suited for the construction of 
Reservoirs. 


CHAPTER IV. 
MISCELLANE@US. 


SECTION 1, 
Evaporation and absorption. 
e * * 


The loss of water in tatks and reservoirs hy 
evaporation and absorption is very considerable, and 
varies in different Healities according to the nature of 
soil, climate etc, Some engineers failing to yiub at 
stop to percolation have suggested the going of tanks 
With some impervioug clay or other substanes. This 
isan Utopian and impracticable id@h, agjt would entail 
a great expense and oven then its success Wot be probs 


lematic. Loss by evaporation can not be stopped 
but it can be minimised by thick plantations around 
the tanks. In his Natural Philosophy: Gauot gives 
the following about evaporation (sce p.p. 279 to 281, 
eighth edition) :-— 


“THe term evaporation is assigned to the slow 
formation of vapor on the surface of a volatile 
liquid when it is exposed in the open air, It is 
in consequence of evaporation that the level of 
the water in a pond gradually sinks, and the 
pond ultimately dricg up, if it isenot fed bya 
spring » «# » several causes influence 
the rapidity of the evaporation of a liquid: its 
temperature, the quantity of the same vapor ih 
the surrounding atmosphere, the renewal of this 
atmosphere, also the extent of the surface of the 


© ry 


liquid. e 


_Influence of tentperature.—Heat being the agont 
oP ll evaporition, the higher the temperature, the 
more abufidant is the formation of vapor. 

y 


& eo Ce 
Influence of pressurg,—The pressure of the atmos- 
phere is an obstacle to the disengagement of vapor, 


Influence of, the renéwal of sin—In order to, 
understand the inflmence of the 3rd cause, it is to be 
observed that 10 evaporation could také place in a 
space already saturated, with the vapor of the sathé 
liquid, and thas evaporation Would roach ite” Bits 
mum in air completely {reed of this vapor, 
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The effects of the renewal of this atmosphere are 
easily explained, for if the air or gas which surrounds 
the liquid is not renewed, it soon becomes saturated 
and evaporation ceases. Thus it is the wind remov- 
ing’ thes layers of air which aro in contact with the 
earth, that soon dries up the roads and streets. 


Influence of the eatent of surface—The greater 
the extent of surface which a liquid presents to the 
air the more numerous are the points from which 
vapor is disengaged., 

Thus evaporation is more active in broad shallow 
tanks than in deep and narrow reservoirs, Absorp- 
tion is most active in Nalas with sandy beds and tanks 
in porous soils. It is the ¢east in Mar soil, and ngne, 
or next to nong in rocky ground. There are some 
soils so porous that they absorb water like a sponge, 
Tt is evident thad it will be unprofitable to construct 
tanks in such svils. 

The following is a table showing loss of water iy 
tanks in Rajputana, on the authorily of Gulebeth, 








Period, By evaporadion, yale plion.) Tolan. 
rere tenimerncencemannn Manin | mmnreraiencenmetnr | snumeusiseartantnn 
Oetuber 1o March, 182 days 9 i ee : 807 
Apul to June, 91 y 201 gal Piri) 
Tuty to September 02 ,, e bl @ 1s3 "$9 
otal No, of days ‘305 a ary TP 
\vornge per dey in foot ve : O17 * te ‘Ol 027 


\yoinge per day In inches... |, "202 ‘l mh e | * ‘891 
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Tn Deccan the loss by evaporation, absorption, 
leakage cte. from Ovtober to March was found to be 
3°51 feet in 182 days 7¢. ¢. 0193 feet per day. From 
April to May 2°03 feet in 61 days=="0333 feet per day. 


€ 


” Loss by evaporation only,ein feet.*” ee 









e 





ae ai 

Name of Country, 3 5B q by E g j 

8 | 2 gia} oo! 

Rajputana vee one | 49 | 85 | * ‘78 | 81 8:86) 


Bombay we oo vn | 65 | LO | cad 60 | 90 ult 


Nagpur oo oes wee [BO | 42 | + 48 |°76 | 59 877 


These figures, however, do not apply to alli 
classes of soils, From my own observations in Panyar, 
the loss of water from the beginning of August ta 
the end of October was 6 feet. * Thinwas due’ to the 







nporosity of the soil more than to evaporation. 
ordinary soils, however, which are not sandy, a 
fllowange of one foot per month, on an avernge, bot 
for evaporation and absorption, would, be a fair figurg 
to work by,” 


SECTION 2, 
How to find the capacity of a tank. 


‘It is most necessary to find how much water 
particular tank would impound, and what would 


remain for irrigation purposeg after deducting thé 
loss dye to eyaporiition and absorption. In submergy! 
wed a 






* Moleswor t h, 
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ing tanks evaporation and absorption for the montna 
v of August, September and October only may be con- 
siclered in the Gwalior State, oa alter October the 
water is Jet out for bringing the land within the tank 
under caltivation., Thus a loss of 2 feet hoad may 
be pat down for submerging tanks, Jor Reservoir 
Tanks fall 12 fect hoad should be allowed. To find 
the quantity in cubic fect, find the average of the 
Reduced Levels (at every chain) of all the cross lines, 
and then find an averpge of their sum. The result 
would be the mean Reduced Level of ground all 
over the tank? Subtrac? this from the Reduced 
Level of the cill of the overflow, the remainder 
would be the mean depth of water in the tink, 
Again subtract from this figure the loss of head’ due 
to evaporation and Abeaeption and the remainder 
multiplied by the submerged arca would give the 
quantity of wivtot available for (oubside irrigation, 
From this too some deduction sould be made fot 
loss of water in watey-courses, throngh which ee 
water would be carried to the fields, whieh rgquire 
water, Somelimes as much yw ‘d of thy whole ix this 
lost, but as in*Gwalior tho outside ferigable Ind 
begins just from the outer toc of the Bund, this item 
may practically byignored, 


SECTION Sr 


Management § superviston of works under aati 


a 
Tn appointing Sub-Overseers ele bo louk after 
iny work of construttion it is not cuuudiwie wacurbaltt 
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whether he understands drawing and knows what a 
subordinate shoul 1 know, about professional work. It 
should also be enquired into whether he is a good 
manager or not. I shall say nothing’ here of persons 
who, tlfough good managers, purpascly and @frandu- 
lently connive at the bad work of coytractoys "from 
dishonest motives. Such persons, it is a matter of 
reovet, are but too common in the Public Works 
Department all over the world. They are the black 
sheep, which lower the dignity pf the profession and 
bring discredit upon the Department. Such men 
should unsparingly be weetled out aud replaced by 
better paid and honest men, I would speak only of 
those who, though they save the best intentions, 
can Tot manaye a work from incapacity, or do not 
possess enough kuowledge of human nature to be able, 
to guide and control the persons who work under 
them. Some: ‘subordinates have the vicious habit of 
“orderi ing the dismantling of masonry or stopping the 
Work altogether, on trivial pretoxts. This is most 
reprekengible 1 What a sensible subordinate ought 
to do is to thoroyghly disabuse the contractors of the 
idea that he could dem@&m himself by accepting any 
thing in the way of bribe or would wantonly stop a 
‘work when all i is being dene accoWling to specifica- 
tions.’ When a egntractor is assured that the super- 
vising officer i ig ¢ aleve corruption and that he need 
entertain no fear of being flecceg by office hands, ke 
has every mojive fo give good work. Contractors 
have recoufge to dishonest tri¢ks only when they 
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have to distribute their “ percentages” among” the 
corrupt executive and ministerial staffs, If perfect 
immunity from such black-mailing is guaranteed 
to the.contractor it becomes possible to induce him 
ton accemyt lower xates than those in vogud in the 
Department. It is a matter of wonder to the corrupt, 
how course} rubble masonry laid in lime mortar can 
be done @ Rs. 10/- per %'clt., or concrete @ Ks. 8/- 
per % cft., without any way allowing the quality of 
the work to suffer ! , 


Undue harshness towards contractors, and treat. 
ing them with discourtesy is most to be deprecated, 
specially in lower subordinates. Dismantling of 
masonry or stoppage of Work should only be reserted 
to when infertor work is given by the contractor, and if 
he does not pay any heed to repeated warnings,” he 
should be turntéd aut, 


CHAPTER V 


HOW. A TANK PROJECT IS 
PREPARED: 


SECTION 1. 


ReECONNOISSANCE AND CILOICH OF SILL, 


Itis quite possible that there may be a suitable 
site for the construtton of a Band in a particular 
locality, but owing to there being her works of 
irrigation in the vicinjty it may ke quite a waste of 
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money to construct a Bund. The designer should 
not look to the site of a Bund alone as an isolated 
fact, but should, by making local eriquiries and 
riding ot walking over the country, ‘assure, himasel£ 
that.a Bund would be advantageous, before bayinning 
survey operations. 


The opinion obtains wth some people that, Dis- 
tricts officials are the best judges of sites for 
Bunds, being cognizant of the wants and require- 
ments of their ryots. The data*on whick the deci- 
sion of the District auothowities rests aue— 


(i.) scarcity of water in a particular locality. 


Gi.) and the presence df a local dip, as indicating 
the site for a Bund, 


Now these two factors, howevey commendable 
can not by themselves carry very g%at weight with the 
e 7 e e 
engineer. The engineer would look to other factors 
béRides these, before coming te a decision. The fol- 
lowing are the considerations, which lead to the choice 
of the site ofa Bynd in g particular lodality i 


(i.) Necessity ot constructing a tank owing to 
scarcity of water. 
(ii) Soil. 
(iti,) Catchment area. 
(tv.) Configuration of grougd. 
(v.) Congider&tion of expense and the class of 
tank that cai be constructed, 
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(wi.) Absence or presence of circumstances which 
stand in the way of constructing a new tank, 


(vit.) Istimation of yield. 


‘Necessity of constructing a tank owing to 
ca 
scarcity of water, 


The District officials can supply this information, 
as by constantly touring about in the districts in thoir 
charge, and by personal contact with the ryots, they 
come to kyow of their wants. If water is scarce in 
any locality the Tehsildar is the likliest person to hear 
of it. It is likewise known to him how much ir rigs 
able land is under cultivation and how much is lying 
useless for want of irrigation. A sympathetic. Ein- 
gineer would lie to have his information first “hand 

nfrom the zemindars. The Mehta, or the head zemin. 
dar of the villege where a Bund is said to be required 
should be called and by a judicious cross cxaminatiog 
and sympathetic treatment much useful information 
can be gleaned, Having received all availabe informa 
tion from the District oft cinls and the zomindats, the 
Ingiueer should personallys see haw dar the want 
manifested is real. Satislying himself on this score he 
should look to the next point. 


(t.) Soil, 
This has already been trented of,at length in the 
chapter on soil (q.#.) The designer should satisfy 


himself that the soil is of a chantatow as woukl retain 
water and is productive, ' 


( 382 ) 
(iiz.) Catchment area. 


Ifa 1” survey map is available the catchment 
area of the proposed tank can be roughly measured. 
In the absence of such a map it can be ascertainéd,in 
the following 3 ways, viz.i— 


(i) If great accuracy is desired, it should be 
found out by actual survey—this, however, is very 
tedious and expensive, and should only be done 
for very large tanks. 


(i.) By walking or riding over the natural 
ridges the surveyor should look for the water- 
shed and thus form a rough idea of the basin. 


(iit) A more rough way and that usually 
adopted by the subordinates in the Ivrigation 
Department is to make enquiries. from the vil- 
lagers about it, and accept tkeir “views! This 
practice is most objectionable, as it gives most 
unreliable results, 


The ‘designer should not lose sight of the fact 
that if it is nét pessible to find out the exact catch- 
ment basin, it is better fo err on the safe side ; greater 
drainage area should be assumed for calculations than 
appears from a bird’s eye view of the country or the 
report of the villagers. 


If it is found that the catchment arca of a tank 


is too spall to,brirfy necessary supply of water" it 
would be neh teen io sink money ih its construction, as 
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it would never fill, and will not serve the purpose it is 
meant for, IE the drainage area is sufficient we should 


next look to.. 
(1v.) The configuration of the ground. 
4 


We can not construct a tank ina flat ‘piece of 
country. However large a catchment basin may be, 


unless the configuration of the land is of a character 
that admits of a tank -being constructed, it is of no 


avail. A dipin the middle witha gentle rising of 
ground on”both the sides is an indication of a very 
good site for submerging tank, Again, a deep hollow 
between tivo hills would puint to a Reservoir tank. 


(v.) Consideration of eupense, estimation of yidd 
and the dass of tank that can be constructed. 


There ave many splendid sites for the construe- 
tion of tanks, but the cost of constructing them would 
be prohibitive. Having satisfied hithsell as to the above 
4 points the designer slould next devote his attentssa 
to the item of cost. [To should make rough cylcula- 
tions about the probable cos and return in the shape 
of land revenue, and judge whether there is any mar- 
gin of profit for the money invested. ITe shall also 
have to decide, at, this jaueture, as to what kind of 
tank is suggested by the natural” features of the 
country. LE the construction of one kind of tank fps 
pears to be expensivg another kind may not be so, 
As for instance it may be found *that.to constrnet a 
Reservoir Tank with'a large pucca wastewtelr Would be 
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necessary to stand the immense pressure of the im- 
pounded water, and the cost would naturally therefore 
be very great. The funds at the disposal of the Irvi- 
gation Department may not allow of ‘undergoing the 
expens¢. The engineer would probably then see 
whether a submerging tank with moderately “high 
banks would be less expensive. Or it may hap- 
pen that the abandonment of a particular site may 
lead to the selection of another site higher up or 
lower down, which might coysiderably curtail the 
expense. The cases are so varied that it requires 
great common sense aud foFcthought du the part of an 
engineer to choose a good site. No hard and fast rules 
can be laid down—all questjons as to site have to be 
considered on the merits of a particular, case. 


(vi.) Absence or presence of circumstances which 
stand in the way of constructing a®*new Tank. 


The five foregone conditions may be fulfilled 
afid still’a tank may have to be abandoned for ,what 
are terméd ‘ Obligatory’ points. As for instance if 
the construction of a tank endangers the safety of a 
village or a Railway lirfe, it may have to be given 
up. There are many places in Surwaya Taluqa, in 
the Isagadh Prant, wheredfa Bund is thrown across 
two hills it will submerge the whole Taluga upto Sipri, 
but the construction of such a large Reservoir would 
be undesirable for ue following plinilenuene: — 


. (i) There is not gufficient catchment 
area for this ‘Titanic tank.. 
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(ii.) The gost of.constructing it would he 
something fabulous. 


(vi.)> All the villages in the Taluga shall 
have to be abandoned, and the whole Taluqa 
degopulated and turned into a big lake of inland 
sear 


(iv.) The safety of all the cities and villagas 
lying below it would be endangered. When full, 
the Reservoir will be hardly Jess formidable for 
Jhansi and the adjoining districts, than was the 
Gohana Lake for cities aaned on the banks of 
the Ganges | 


(v.) This gigantic Bund will be of no 
practical tility. Submerged area is quite” out 
of the question as this Reservoir with an enor. 
mous head would never run dry. The outside 
invigable area {s insignificant. It may be one of 
the wonders of the world ond attract curious 
globe-trotters to set it; beyond that its wtillzy 
does not go ! 


Of course all possible impedimdnts which come 
in the way of constructing tanks do not admit of 
ready and off hand enumeration. very case has ite, 
attendant circumstances and has to be decided on its 
own merits, : 
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SECTION 2. 


FIELD WORK. 





The Bund ling having been proposed, a®line eof 
levels should ba run along it and Longitudinab section 
plotted ; the formation level may next be marked, and 
ihe sites of sluices, escapes (or in case of a big tank 
overflows or waste weir ) etc. marked out. Cross lines 
should then be run across the tank to set out,the natural 
contours of the ground onthe plan, with a view to 
ascertaining how much area would be submerged by 
the tank. Ifthere isan old Bund or there is too 
much slope in the ground at the site of the Bund 
cross sections should be taken at everyechain and at 
places where there are breaches, to fiud out how muche 
more earth is to be added to the ojd te bring it to the 
required level. 


If the ground at the sitesof the escape or over- 
flow be too rapidly sloping, cross lines should be run 
at right angles tg the proposed overflow to ascertain 
the condition of the gr6und and to decide whether it 
would not be advisable to cyt a sort of channel on 
both sides of the overflow to permit of the water 
flowing over the cill in a rectangular prism. It is 
self-evident that if the ground rises from one 
wing of the overflow to the otker, the flood water 
wouldlow , ipsthe form of a wedge and the overflow 
will not have full play. 
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SECTION 3, 


BUND. AND THE ESTIMATE OF 
EARTHWORK. 


Ther formation level should always he 3 feet 
abdve tie High Flood Level. Though this’ entails 
some extra expense the Bund is perfectly safe and 
there is no fear of the flood water overflowing the 
earthen portion. 

The following note in Molesworth is worthy of 
patention (See his Pdcket Book p. 316) :— 

“Width at the t' pinthigh dams from 7 to 20 ft, 
Width at the top in low dams is eyual to height. 
Breast slope ( inner, slope ) 3 to 1. 
Back slope ( outer slope ) 2 to J, 

Height above surface of water not less than 34ft.” 

The earth- work is to be estimated by the trape- 
zoidal formula, if fhere is no old Bund, The follow- 
ing is the form :— 
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Abstract Horna. 





Tf there is an-old Bund and it is to be raised and 


improved, the form is slightly different. Ik is Ie 
below :— 





: Sum of ae 





sectional :|(1st Sogtion 








cucpin of. BOGLIONAL : Cubical |. 
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~The usual vate allowed for eatth- workd in Gavali jor 
iefrom 83 3-8-0+to ‘Rs,nt+8-0 per ofoo eft. ~ Invexcn+ 
vation: of foundations Rs. 5 per o/oo cft. are allowed, 
When .the earth is:brought from a distance some lead 
is allowad. 

Specifications for Larth-work. 

qu) Before starting- the Barth-work the bot» 
tom br eadth of the Bund should be marked on each 
chain, Sutli, stretched ketween the pegs and Daghbel 
nicked out. 


(2. ) All Jungle and small growth should be 
rooted out, and loose materials, like pieces of stone, 
removed, 


(3.) Where the ground is soft the ‘upper chust 
‘should be remoyed and where hard, scraped a little, 


(4) All while ant, rat and other holes dug 
down to their depth and well tamped with earth and 
ae 


(5s ) A Berm of at least 80 feck ingide and 20 - 
outside should be left, and botrow pits dug beyond 
‘that. | 


6 : “The bortos: pits ‘must, as far as possible, 
yun parallel to the Bund and all v£ unifom width 
and depth, to make it easy for the mén in charge to 
measure the Earthwdfk. This spould be enforced 
strictly, as itis very tedious and vexutiug to hove to 
Mengure irregular and unshapely pits. — | 
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(7.) The pits should as far as possible be only 
1 foot deep. It is better to allow some lead than in- 
jure culturable land. The pits should on no account, 
be more than two foot déep, unless’ special xeasons 
point to the contrary. 


(8.) To avoid any mistake being made by the 
contractor or his laborers, the borrow pits should be 
marked by the sub-overseer, in parallel lines with a 
partition wall, 1 foot wide, between the two rows of 
pits. (See Figure 1 Plate 1).’ 

(9.) The earth is io’be thrown’in layers of six 
inches, and well rammed with a little sprinkling of 
water before another is added. The Bund should be 
raised, layer by layer, throughout its length, 

(10.) The Bund is to be raised 1/10 higher than® 
its proposed height to allow for ifs settlement, 


a) * 

(11.) When the Bund is near its completion, and 
the last layer is to be added, tte Sub-overseer in charge 
should lével it to find out how much more earth js 
required in diffeyent chains and to guide the-laborers 
accordingly. 

(12.) The last layer is to be rammed thoroughly. 
The edges shoutd be well marked, and the slopes 
regular. 

How a slope is tested. Vo test the 3 to 1 


slope :*-Fiprfthe edge take 3 feet or any multiple of 
3 feet and at the end of it raise a stick 1 foot, or the 
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same multiple of 1 foot as was taken before, ab reht 
angles to the line measured and stretch a cord or 
any other thing’ between the top of the stick and the 
point on the edge. If its prolongation voos slong the 
slope, the slope is all right. Auy deviutiou yous blits 
line points Lo the extent of the filling or cuiting re- 
quired. ( Sée Figures 6 and 7 Plate £ 2). 


Another method is to prepare wooden templets 
showing 8 to Land 2 to 1 slopes. ( Sco Figures 8, 9 
and 10 Plate 2). 


(18.) If the estimate permits Dud grass may be 
planted on the top and slopes to render the earth dirm 
and to confer upon il some immunity from the seratel 
ing action of the surface*drainage. 

(14.) In Nald portions or where the lashing ac- 
tiofi of the waves is to be guarded against, the slope 
may be protected by dry-stone pitching, The piteh- 
ing need not be carried higher than the ‘High Flood 
Level. 

(15.) Ope laborer, with a good rammer, dan rar 
up about 1,000 slt. working’ § houwss wduy. 


SECTION 4 
PUDDLE WORK. 


When it is dcemdd fit to conBlenict a submerging 
tank in soils of a sayy nature, ib is Recessary to pros 
vide puddle wall in the core of the Bund, to obviate 
percolation from tuiderneath it. 
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The puddle wall should not be raised above the 
flood level, It will be sufficient if it is raised to the 
level of the cill of the overflow, as floods, though 
violent, are of short duration; the highest level of 
water inthe tank after the subsidence of flood js only 
the cill level. 


As to the dimensions of the puddle wall, its base 
should be rectangular, and carried at least 3 feet 
below the ground. Above the ground it should rise 
with a batter of 1 in 16 on bdth sides, “The top 
width need not be more thay 3 feet. Thus when the 
height of the Bund ata particular point is known, 
we can ascertain the height to which the puddle wall 
will have to be carried and “then the width of the 
base can be easily found. Suppose, for instance, the 
height is 10 feet, the top is 3 feet. By a batter of 1 
in 16 the extra width at bottom woyld Be 29’ = $’on 
beth sides, or 74” on either side.* Thus the total 
width at bottom = 3’ + fj’ = 4} feet. Now the 
“yectangular portion will go 3 feet below the ground, 
(See Figure 2 Plate 1). Thus cross sections at every 
chain can be pfottéd and estimate made out like that 
‘ y Earthwork. 


Tt is no use constructing a Puddle wall of sandy 

as that would riot stop leakage. It should be 

>of Mar, some other clay or fat. earth, even. 
ugh it may have to be carted from « little distance, 
xed with alxtle sand. 
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The following is a very snggestive note by 

Colonel Rundall on Puddle work (Earthwork P. 6) :— 

“Thero are soils go porons that thoy arc unable to 

sustain aly pressure of water without leaking, which must, 

thorefore, in course of time produce such a sgoéptloment of 

the bank as would bring its crest, below the water lovel, 

and thfts ensure its destruction, Butin such a case my 

own opinion and experience would lead we to place a clay 

lining on the interior slope, in preference to adopting a 

puddle core, for this obvions reason that the objeet of un 

Engineer is, or ghould be, wot tu let auy water at all tind 

it? way into the mass of the banks * * * * © TL 

is also ugged ihat in egses of porous suily it is necessary ty 

carry the puddle wall down to © watey-Light slratua, iu 

order to prevent the water percolating through the soil aud 

under the seat of the embankment; but supposing such 

ever 1o be necessary, it would, in my opiuion, be butter to 

place tfe puddle tronch at the Loe of the inturiur slope and 

so effeclually prevent the possibility ol any water Guding 
its way #ato any part of the embankment seat.” 


The fonhdaten of Puddle wall below the grounal 
is technically called Puddle Trench, 

If the water is within 3 chains of the, Bund, andl 
can be brought to the site by gravitation, Rx, LU por 
o/oo cubic feet is a fair raté for puddlihg. Of course 
with the increase or decreuse of lead this rate is open 

, to modification, The following are the— 
Specifications for Puddke work, 

(1.) Before thé Puddle Work is started the 
Sub-Overseer in- ‘charge should see tifat the trench fs 
carried 3 feet deep,” and that itsgwidth is as given in 
the estimate, Of course the width wil vary with 
every chain, 
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(2.) When the Sub-Overseer in-charge has 
satisfied hiinself about the foundation of the Puddle 
wall having been excavated rightly, the trench should 
be filled with water 6” deep for 3 hours, to make ‘the 
ground moist and to allow its well ‘joining up with 
the Puddle, 


(3) The soil should be fat or clayey, on 
no account sandy. Morum is also to be discarded. 


(4) Puddling should be fone in layers of 1 
foot throughout the length of the Bund, the de- 
pressed portion being puddfed up first. 


(5.) tis much better if the earth for puddling 
is mixed and made into gonda outside the trench, 
but this should not be insisted on, as it “considerably 
ads to the cost, When thrown in the trench the 
earth should be well mixed up afid stirred with a 
Phaora, and then kfieaded by men‘treading over it, 


(6.) . Excess of water in mixing up the earth is 
as much hatmful as paucity—enough water should 
T 6 ui . 
be used to bring fhe gonea to the right consistency, 


(7.) When a day’s puddling is done it should 
be covered over with earth to prevent the surface 
drying and en racks. 


(8.) The ‘Sub. Overseer in®charge should per- 
sonally see to #1] these details and not depend upon 
the reports of mates or coolies, 
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SECTION 5, 
Maps and Designs, 


The following is a list of maps and designs 
raquirel ina Tauk Project :— 
(1) Index Map. (2) Contour map with 
plan and site of the Bund marked on it. 
(3) Longitudinal section of the proposed Bund, 
(4) Cross sectionsateach chain. (5)* Plan of 
the escape, overflow or waste-weir. (6) Plan 
of sluices. (7) Cross lines at the sile of the 
waste-weir, if necessary. (8) Survey of the 
Nala, if necessary, 


(1,) fypex Mar. 


This map is meant to show the catchment basin 
or drainage area of a particular tank. The natural 
water sheds of thg country are raked on it, with 
the Nala or Nalas which ‘drain the basin. The 
drainage area is found‘oul by an actual survey, of 
the area, the position of the water-shed being’ ascer- 
tained by rimning lines of levelsain «all directions, 
‘This, however, involves gréat expenditure of time 
and money. A more expeditions and economical 
method is to ascertain thesdrainage,area from the 1” 
survey or topographicgl maps of the Government of 
India, which are very accurate, and te all intents and 
purposes, answer asevell as a map prepared by actual 
survey. This map is the basis of all galoulations, a8 


(pencitrereintenc 


* Ondor thig head aye given albcalculntions required in designing an overflow, 
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on its accuracy depend the accuracy of calculations 
for discharge and length of the cill, and indirectly 
the stability of the whole Bund, 


(2.) Cowrour Map. 


The levels of the Bund line having been taken, 
lines of levels are run across it, generally paralle] to 
each other. (See Figure 3 Plate 1 ). 


When these lines are plotted and R, L.’s written 
at every chain, we get what are called Confour Lines 
by joining all such point» on these. lines as have 
the same Reduced Level, from which we can find out 
how much area would be submerged by a particular 
R. Lx being fixed as thé Reduced Level of the 
cill of the overflow or waste-weir. Frdm this we can 
also see, at a glance, whether the slope is gentle or 
abrupt, as the closer the Contourélinés the steeper 
the slope and vice versa, 


’ (.) Lonarruniwkt Section. 


This is the most important. Itis€rom this that 
the depth of fillittg can .be found, chain by chain, 
estimate of Karthwork made out and sites of irriga- 
tion and scouring sluices, and waste-weir determined. 
It is not considered necessary to show here how it is 
plotted, as every subordinate is supposed to know it. 


(4.) Cross SECzIONS. 


When jhe-ground is not of an even character, 
but slants rapidly, and in old Bunds, when we want 
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to find out how much more earthwork is required, 
it is necessary to take cross sections at each chain, 
and specially at breached places. Thus a more aceu- 
rate estimate of earthwork is made out, than would 
otherwise be possible. 


(5.) Esqarz, Overrrow or Waste-wnir. 


All the three names imply one and the same thing 
having the same function é, e. providing a pucca water- 
way for the escape of the superfluous water from thie 
tank, Thg differences of nomenclature is arbitrary. 
Very small passages or vents for water are termed 
escapes, larger nes overfifws. A Waste-weir is a 
more pretentious thing. It indicates a big pucea 
masonry work providing waterway for the escape of 
flood water and at the same time a more solide wall 
across some Nala or River, than a mere earthen 
‘Bund which would not stand the force of sudden 
and impetuous foog. In designing an escape it is 
sufficient to see thas the watcrivay allowed is suffia 
cient for the superfluous water to pass through with. 
out giving rise to any afflux and consequgnt over- 
flowing the top of the earthen Bund. 


While designing big oterflows or wasto-woira 
the following points are to be kept in view :-—~ 


(1.) That the length of the cill is sufficient 
t.e, with the proposed head*all the water 
Which is ever likely to pass over the cill, even 
in exceptional floods, like those* of last yenr, 
will pass over it*without rising above the prox 
posed High Flood Level, much less gvertopping 
the Bund. 
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(2.) The designer should see that apcliitaee 
tural effect is not wanting. Lt will not do to look 
to.strength only and construct a big, uncouth 
and clumsy structure which, hadraver’ ‘well. it 
may answer its purpose, is an eyesore. to all 
observers. ‘Iwo such clumsily built overflows 
are to be seen from the Ruilway Train, between. 
‘Lashkar and Panyar, A good devia is that 
which is calculated to resist all possible forces. it. 
is likely: to be subjected bo,and to catch the eye. 


nl 3.) In designing ewaste- weirs . ‘across Nalas 
ot Naddis, it should be a very serious point for. 
consideration to provide against the cutting-bacl: | 
‘gction (for want of a better term) of the. flood: 
water discharged over the cill. ‘If the ground | 
below the waste-weir is not sufficiently protected , 
for some distance against the erading action of. 
water, the flood water will, in course of time cat. 
the ground backwards upto the apron of the 
aste-weir, undermine %t upto, the foundation 
ie crest wall, which is. bound td “topple 
forwards, having no. legs to stand upon, under 
the immense’ pressure of the moving water from 
behind. ‘The cases of Tonga and Kaloli Tauks 
are instances in point*, Both of. these waste- 
weirs gave Way not because they were not: strong 
enough to resist the Bydraulic pressure: but 
because nd provision was made against what L: 
have called the cutting-bitk action of water. 
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* Syed Jafar Hogain supplied me ‘with necessary information about these, 
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In big tanks with. long” waste-weirs a water 
cushion should. be designed below the crest. to 
break the fall of the flood water, beyond that a 
pucta apron, followed by a long talus sof dry 
stdnes set on edge, and well grouted, after setting. 
As an. extra precaution against the cutting back 
action a retaining wall may be designed at the 
end of the talys, going 4 to 8 feet below the Nala 
bed. In short an ingenious designer will find 
one nfeans or other for guarding against the 
slow-working but tsemendous elfects of the 
flood water rushing impetuously through the 
Nala, 


(4.!. When the length of the waste-weir is 
over a chain in length intermediate buttresses or 
counterforts skpyld be designed to support the 
crest wall frem outside. bout 3th of thee 
masonry of the crest wall may be thrown in the 
shape of counter forts, which not only add to the 
strength af the structure, but also to its “look. 
Allowance should, howgver, lt thade to the 
obstuction of a part of the waterway by the 
projections of these buttresses, 


(5.) An eartheh cushion (top width 2—4 
feet and slopa 8 to 1) should be provided behind 
the waste-weir to'serve as a baffer to the force of 
water, This will also stop up all leaRige through 
he masomry of the-crest wall o 


aC: 30° +) 
Formule and. Calculations. 
- Dischar, ge formulee 


(1.9 Dicken’ s formula— 


Colonél Dickens x. k. gives the foll owing sim- 
ple formula for finding out the discharge of a given 
drainage area, :—— 


-D = 895 M, 4 assuming rain-fall at one ineh 
per hour. In desig ning irygation works in the 
Gwalior State 2 helices per hour should be taken 
in calculations, The oformula therefore stands 
as— 


= (825 Mt) x 2 
“ ae Ds discharge i in cusees. 
.M = drainage area in square uiiles, 


This formula takes no count of the nature of the 
ground and the diminution in dtsthavge due to large- 
ness of area. So for large ateas and flat ground the | 
discharge given is considerably 4 in excess of the actual... 
discharge. It errs, however, on the safe side. 

(2.) Mr. Strange.m.1. 0.8. giveS the following 
table for finding the run-off from a particular basin, 
assuming rain- fall at 2” per hour, 


Table of waste-weir run- ag 
7 et 












® 
10—25 |.25—~75 -| 75—150| Over 150 


Catchment. . arca 


in square miles. 5—I0 








Runs-of in inches 


pet hour, bea | 100 |. O75 08 
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From the above table it is ‘daar that for fiuding 
the total discharge or run-off of.a ‘drainage aren, its 
area (in square miles) is to he multiplied by the 
corresponding coeflicient given in the table. As Lor. 

instange if the duainage area is from Q—5 imiles, the 
area isto be jnultiplied by 2:0" and 80 on.’ 


-This table provides for diminution in total run- 
off due to area, but takes no count of the nature of 
the ground over whigh the rain water passes, The 
flatness or otherwise of a ground makes a grent 
difference in the amounf of discharge. With the 
same rain-fall the run-off in mountain gorges is 
more than twice that in p flat country, over which 
the water passes with a very small velocity, with the 
result that much water is lost by evaporation and 
absorption, 


- (3). A thifd authority gives the. followiny 
empirical figures which have been tested. by long 
experience aud give the most relivble restbls.. Thuti- 
off from one &quare mile, when rainfall is taken it 
2" per hour, is as below, according “to “the nature of 
the ene _ 


(2.) Flat country 2x 220= 410 Cusees, 
(it.) Undulating conntey 2xB50= 700 ,, 
(iii.) Near Hillf 2x 450= 900 ,, 
(iv.) Mountain gorges 2 x 550% $100 yy | 
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When the catchment area increases beyond 5 


square miles, the discharge decreases as per Strange’s 
table given above. ' 


. 


¥ 


Tle discharge is inversely proportional to, the 
‘i 2 : fp : 
catchment‘area /,¢., if the catchment area increases 
- : 6 . ' 
the discharge (per square mile) decreases and vice 
versa. 


(4.) Discharge formula*— 


Q = 440xRx Ok MA 
Where Q == Dischdtge in cusecs. 

R == Rain-fall per hour in inches. 

C' == Constant depending on the fall 
of the ground,” from 0°33 for 
flat country to 0°67 in mountain, 
gorges, a 

M == Catchment area in square miles. 


This formula is calculated to give very reliable 
reaulta, It makes allowance for both the factors— 
diminution in, discharge due to area, dnd nature of ' 
the ground which the flood has to traverse. 


(5.) The following notef by Mr. George 
Chamier on Discharge is Very valuable, 


“ Rlements upon which cileulations for discharge 
& 
are based :—~ 





jah ee tng ean ems 

_ * From Mr, B,C Mukerp LG, B's Note Book 

+ Vide Mirtates of the Proceedings of the Institute of Civil Kngincora 
Vol, CREX{Y, P8138. 
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(i.) Catchment area. (i.) Tainfall, 
(ié.) - Surface discharge. (/v.) Diminntion 
in flood discharge due to area. 


The average rate of precipitation (of rain) is 
found @very whete to vary inversely as its duration 
i. ¢., the longer the duration the less the precipitation 
and vice versa, Only a part of the (total) rainfall 
passes through a given waterway. There is diminu- 
tion in the surface discharge of water from the 
following causes :— 

(1.) Absorption. (2.) Jvaporation. 
(3.) Percolation. (4.) Natural obstructions. 


By “Coefficient of discharge” is to be under- 
stood that portjon of thé rainfall which immediately 
flows off thesurface and finds its way in running 
streams, Asa general rule the “Coefficient of dis- 
sharge” may be tgken to be between 4 to # of the 
total rainfall in tymes of flood* 


Table of Surface Discharges. 





Prnawyraay oF 








Cusss OF COUNTRY : 7 RUN-DFP, 
1, Flat conntry, sandy soil or cultivated ground ... | 0°25 to 0°36 
2, Meadows, gentle declivitics, absorbent ground... ‘85 to ‘4B 
8, Wooded hill slopes, compact or stony ground ... 45 to 68 
4, Mountains, rocky or non-absorbent aurfacem ... 65 to 65 
56, Naked, unfissurced mountagns, very sicep ground 
or pavad strects er Cee *80, 








*Tt may bo noted hersthat tis * Cocfiiciont of discharge ” In timas of 
flood 18 quite distinct irom the raingfall off a given catchment area, 
availble for storage, On the Loayetnduen oy Binnie it ranges, 
according 10 the nature of goil, from 20 (oy per cent. of the 
totnl rainfall throughout the year, 
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Flood volumes are inversely proportional to 
the extent of catchment areas, The diminution in 
flood volume due to area must not }e confounded 
with the diminution in the rate of rainfall on aecount 
of its duration. 


All, lakes, swamps ete., act as ‘Hood modera- 
_ tors, 
(5.) Discharge formula. 
GH kehe oe me 
M.° 
Where Q = Discharge in cusecs, 
A = Catchment area. 
R = Average rain-fall per hour. 


C == Co-efficient of sutface drainage, as 
given in the above table, Wwhich depends on 
-the nature of the country. 


f, 


8 
4 


2 


«6 fa . % 
== The factor of diminution in conse- 


quence of area.” 


= 


Of all the formule quoted above this seems to 
be most reliable, in that it takes count of all the cir- 
cumstances which affect the discharge through a 
given waterway. 





ty 
* Hore M = Catehment ven or A, 
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Formule for-determiaing the length of 
the cill from a given discharge, 
(1) Lx fl x 85 =D. 
‘Where L == Length of the cil. 
II = Ilead of flood in feet. 
J) = Discharge. : 
This iy a very useful lormula and gives very, 
relrable results. 


(2) Mr. Strang®’s Table of waste weir discharges 
per lineal foot, 
















HIDAY OVI NILE 
OR DILLIL01 zreon] 2 2 3 J 
IN wi1t 





. 
Discharge for 
drowned shannc! 238] 720) 137 [28 22 





ener ato 





Discharge for Cy 
chuypover fall » «| 357 0b | 1853 | 28 58 













80.87 [5213 [6605 [80 72 [90 80 [L119 78 





Noin -—-Piowned channel means the ¢lmmel in which the 
lovel of waiter 1s Ingher “Wan the erst Jevel (Seo IWignie 
Plate 1), while a clew overfall means a we whose aeatyls higher 
than the level of water in the channel (Seo Figine 5 Plate 1). 


Small escapes ete. shold be desig ued as drowned 


weirs, while large weirs should evideplly be clear 
overfalls. 


The above table*is used to fiud out the length 
of the waste weir in this way: Suppose the dis. 
charge off a catchment aren hagpeon found out by one 
of the formule noted above, also thetegd determined, 
Now hy consulting the tabla you will find the 
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discharge per [neal foot under the chosen head, 
for drowned weir or clear overfall, according to 
your choice. Dividing the calculated discharge by 
thig figure we get the length of the’ ill, 
Suppose the discharge off a catchment basin sis 800 
cusecs. The head we decide to havé 4 feet in height; 
weir-——clear overfall. The length of the cill will 
be £2%3 or 300 feet nearly. 


Determination of Head. 


It will not be out of place here to mention what 
considerations lead to the détermination of head :— 


(1.) The head should be as small as possible 
(apart from any other consideration) in order that the 
capacity of the tank may not suffer. 


(2.) But if the lessening of the head gives a 
very great length of cill and conse¢hent increaseg of 
expense, the head should be so determined as to 
strike a balance between the twa considerations, . 


“(3.> In designing flank overflows, or escapes 
expense is not -generally « consideration, as flank 
overflows being low, often the cill being flush with 
the ground, cost very little. Accurdingly when 
flank overflows are designed*the cill may be made as 
‘long as possible to allow of a small head being given 
over the cill. A 


(4.) In waste weirs across Nalas and Naddis 
large heads,ara Gilowed to shorten the length of the 
weir and reduce expense. 
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(5.) Generally a head of 1 to 3 fect is consi- 
dered fair for small escapes or overflows and Lor 
larger weirs-from 38 to 6 feet. 


Hydraulic pressure against crest-yall. 


"Belore giving formule for finding ont pressure 
against weirs, it is necessary to give some definitions 
aud elementary notions about the Hydrostatic Laws. 


Hydrostatic Laws, or Laws of water at rest. 


(1) The pressure of water on any plane 
surface is equal to the wé&ight of a column of water 
whose base is the area of the surface and whose 
height is the depth of the contre of gravity of the 
surface below she surface level of the watey, The 
pressures at any two points at the same lovel in a 
liquid are evidently equal. 


(2.) The djrection of presgure on a surface is 
perpendicular to that surface. 


(3.) The resultant pressure of watex on a body 
immersed ov partly immersed in it acts vertienlly 
upwards, and is equal to Lhe weigl of the water dia- 
placed. If the body floats it follows that the water 
displaced is equal to the weight of the body. 

(4.) Water trangmils ils pressure equally in all 
directions, 

Lygrodynaumie Laws, 


(1.) If the motion is rectilincwy gad uniform, 
and if the cllect of eddies proclucod by the rough. 
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ness of the bonndaries of thé*stteatn-Be neglected, 
the pressure at any poirit Sis ' the same as if the 
fluid were at rest, > 


(2), If the fluid particles take the same: acecle- 
rations which they would have if independent, tse 
pressure is tiniform. “ : 

} PP KE 

The moment ofa force about a point 
is the*product of the force into the perpendicular from 
the point on the direction of the eforce, (igure 4, 
Plate 8). 


© e 
' Stability of a wall is the power of the 
wall to resist the pressure brought to bear on it, 


The centre of gravityol, a body is the 
point around which the weight of the body i is equally 
balanced in all directions and the bod y isin equilibrium. 


The centre of pressureiin a body isa point 
around which the paessure of a mags is supposed to 
be concentrated, Thus the gentre of gravity and 
eenire 4 of pressure are not necessarily the same thing. 
The centre of gravity and the centre of pressure coln- 
‘cide only in ont position, wz. when the plane surface of 
‘the body is horizontal or parallel to the level of water, 

OTHE 1-9 
Formule for calculating pressure. 

1, Pressure of still water,againsta wall the sur- 
face of the wall ting at right angles to the water level. 
(Sce Figure 11 Platg 2). , 

P& bh? x Lx W. 
de 
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Where P == Ilydraulic pressure in 1s, 
h == Height of the water or the wall, 
L == Length of the wall. 
W = Weight of a cubic foot of water = 
624 Lbs. 
SOC 


2. Pressure of water flowing over the wall with a 
head of H fect, the wall being at right angles to the 


surface of water. ( See Figure 13 Plate 2). 
Pate i.) x bx Lex W. 


Where 
P == Hydraulic pressure in lbs. 


(444+) x h is the area of 


trapezoidal lamina A B°C D, 

LL == Length of the wall. 

W = Weight of a cubic [got of wator = 
624 lbs, 

83. Pressure of water against » wallatan angle 
(other than a right angle, with the water.) (Seo 
Iigure 12 Plate 2), . ; 

pa (ABD) kx W, 


a 
Whaere as before, 
P == Hydraulic pressure in lbs. 
A B == Slauting length of the wall, 
h == Height of the water perpendicular 
* to the horizontal plane, 
L == Length of thé Walle 
W == 624 lb” 
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For more detail see Love's Hydraulics, 


The following are the weights per * enbie foot of 
different kinds of masonry from which the weight and 
stability.of a crest wall may be determined:— 

id 


Brick work ... 112 Ths. per cubic foot. 


Rubble masonry 125 ,, . 
Concrete (is TERS ‘i 
Granite or Lime 

stone eee =E706,, re) 


In designing sub-marire works, it.should be re- 
membered that ovory cubic foot of masonry will lose 
.the weight of iis own bulk of water 7. ¢., 624 Tbs. 
Tt should, therefore, be propértionately stronger. 


As a rough method in designing ymall irrigation 
works it is sufficient to make a wall,'7 pf the height 
at the base, ‘5 in the middle and % at the top for 
hydraulic pressure, dnd *4 at the base and ‘3 at the 

top for earth pressure, But imdesigning large works 
the followang calculations should be gone into. 


Stability of? walls against water pressure. 
(See Figure 38 Plate 7). 
H = Height of wall in feet. 
h = Height of centre of pressure above base in 
ft, == 4 H for still water, 
L == Length of wall in fect* 


OP ee ee on ere Pn a an en a ge yada SSS ee 
* Dry sagd,"90—110 tbs, Olay 120 ths, 
t Sce Molesworth P, 86, 


7~ 
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W = Weight of-wall in Ibs. 
y= Horizontal distance of centre of gravity 
from toe of wall in fect. 
P, = Pressure tending to overturn the wall 


in lbs. 
m = == Overturnig apomient 
P 
=p “n= (4 Lx 28) xo 


=10'4H* x L for water. 
M = Moment of stability = WT - y. 
. 

If M‘exceeds m the wall is stable, provided 
the materials o£ the wall and of the foundation are 
strong enough to resist crushing, 

Norzs—The crushing strenth of different mate- 

rials are"as below. 

Crushing strength of brick 800-1,100 Ibs. per 
square inch, 


4 y» Granite ~ §,000-11,000 lbs, 
“ } Sandstone 9) 0038—85, "000 lbs, 
Cast Tron is i] 712,000 

» Wrought Iron* ,, 3,386,000" 

Steel 38,080 * 

Mortar (lime) 80) 


ae ADM 
Stability of retaining walls against 
earth pressure.} 
(See Figure 39 Plate 2 ), 


W = Weight of # lincal foot of the wall in Ibs, 
_W= —» 4 cubic ,, of the soil retained 
in Ibs, 
* Tor findmg out P. see Horm (4), 2) and (3) PAW, §8 and 59, 


+ W = Weight of the y 
} See Molesworth P, 86, 
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I = ITeight of the wall in fect. 
a == Angle of repose of the soil 
== 30° for dry sand; 89,° for gravel or 
stringle; 47° for dry earth and‘ 54° dor 
moist earth. 
B == Angle of slope, if any; retained. 


P = Pressure in cach lineal foot of the wall 
in tbs. ‘ 


e 


_wH? (1 ~— sina ae 
(1) P = 3 x T-& sina we B 0. 





(9) Pes WHE 40088 hen Ba, 


2 
cos i J eos B ~ cos? 


8 oe pa ES 
© cos B + iaaaed 


w De 





for any, ey slope. 


“Tg determine the stability of the wall draw'the 
horizéntal line of the contre of pressure AD at} H 
from the top’of he walf, cutting the ver tical line, 
that passes through the centre of gravity of the wall, 
at G. Then with any convenient scale make CD = P 
and CF = W; complete’ the parallelogram CDEF ; 
draw the diagonal CH, and iff where it cuts the level 
of the base of ¢he wall, it should fall, outside the base 
the equilibrium will be unstable. In practice” the 
diagonal shovid fall within the middle third of the 
base, as shown in the diagram,” 
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Retaining walls. 

== Weight of earthwork per cube yard, 
W. = Weight of wall a ee 
GH = Height of wall, ; 
T = Bhickness of wall at top. 

== H X Tabular No. 

a a ly an 








EB: Wi4:6 E:Weded 
a ne ee ote ore tet nee 
Batter of wall See pee eee : 

Olay. Sand, Clay. Sant, 
Jin 4 on 083 029 15 ‘Obs 
lin B ow, 122 e065 "155 002 

® 
lin @ wl @ ‘149 002 183 “118 
lin 8 ow, "182 126 218 ‘13 
Tinl2 4. 994 160 2h6 18) 
Vertiele ,,. 000 , 1289 ‘8BG '207 





Surcharged walls, 


Surchargéd walls are ,those whigh have not 
only to bear a horizontal pressure ‘of carth which 
they have to support, but also the oblique pressure, 
of darth above the level of. their tdp (aoe figure 40 
Plate 8.) 


In calculating the strength of sutcharged walla 
subsitute ¥ for IT, Y*being the perpendicular at the 


tpt 


* Nee Moleawoll th P, 87, 
4 Sco Mokswoth P90, 


~ 
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end of a Jine, L = H, measured along the slope to be 
retained, (See figure 40 Plate 8). 


as = L71 Hin slopes of 1 to 1 
‘Y= 155 H » If tol 


Yolt#H yy  2tol 
YeoU8rH .--4-: 8 tol 
Y= 1:24 H * 4 tol 


IEEE eehiren StL ated 
f ‘ € ; 
High Dams in Masonry for Reservoirs. 
€ . 
(See figure 34 Plate 7.) 


H = Height of dam i in. feet, 
X = Any depth below the surface of water | 
"in feet. 
Y =Offset from vertical line “ outer face of 
dan at any depath-X in feet, 
Z =,Ditto, ditto to inner face in feet, 
-R = width of dam at top in feet. — 
A = width of dum at } H frofa top in feet, 
P == Limit of pressure allowed on the magon- 
«ry in tons per square foot == 9 tons in the dam of 
La Terrasse: 


05 x3 7 7 OO xv 
ge oe LE 


er ioe 
B= 0:40; Y== 06 x as a minimum. 











septa pened 


_ * Seo Molesworth P, 316, 


‘ee 65 % 
: To keep the resyl tant pressure within the middle 
. third. use T, (see below), in place of 0°6 %, 
Minimum Thickness of Masoary Dams* 
‘T == Minimum thickiess of dam at any depth. 
_. below the surface of water. 
g = Specific gravityt of the masunry for 
light masonry == 2°08 


-,, ordinary 4, 2°24 
» heavy ” 24 
de== depth below surface of water, 
Poh 


Je 
“ 
‘Limit of pressure per square foot, 6 tons: in 


light, 9 tons insheavy masonry. — 
: 303 








To find the centre of gravity of walls of 
- . different sections. | 


(See Figures 85 and 36 Plate 7) 
I réangle.: 


Bisect two sides of tire triangle sand join the 
points of bisection with the appices, the point of 
intersection of these (joining) lines would give the 
centre of gravity of the titangle. DH is always ¢ of 

D, (See Figure 34 Plate 7). 


en SEE Molesworth 2, git 
a {Specific gravity of a body micans th. ratio of the weight of the 
body with the wojght-of its own bulk of water, — 

{ See Molesworth P, 366, 
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Any irrigular four-sided figure. 

(See Figure 36 Plate 7). 

Join the diagonals A -C and I) B and let 
them intersect at HE. Make D F¥-=E B. Join 
AF, FOC. The centre of gravity of the triangle 
A FC will be the centre of gravity of the whole 
figure, 

Co-ordinates of the centre of gravity. (See 
Figure 37 Plate 7). 

x= ( A+B- 
2.0 ae ee 2 a7 8) 

Ye (ee? 

ae rectangles, cuves, equilateral triangles, 
rings, regular ploygons, circles, cylinders have their 
centre of gravity in their geometrical centres. 

To find the centre of gravity’ by’ experiment. 

Suspend the body successively in two or more 
positions, the intersection of ¢he vertical lines from 
each point of suspension will’ pass throtigh the centre 
of gravity. 


AL 
A+B 


(6.) Sluices, 

Sluices are of two kind viz.— 
Irrigation slvices or scouring sluices. Irrigation 
sluices are those which dischafge water for purposes 


of irrigation. These are opened or plugged up_ac: 
cording to the requipements of ‘the cnltivator. The 


orifices of these sluices ave generally 9” in diameter, 
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Scouring sluices are generally located at the lowest level 
‘in the Band to permit of all water being withdrawn 
from the tank, There is no essential difference in the 
design of these two kinds, though their shapes vary 
considerably at the whim of the designer. The 
orifice of a scoping sluice should be greater, say, 1 
foot in diameter to allow of the tank being drained 
quickly. 
Discharge from Sluice holes. 
Q=CA VY, where. 
Q = Discharge in cusecs. 


C = (o-efficient of discharge = ‘62 in a thin 
plate. 


A = Cross section (or area ) of the sluice hole 
in superfigial feet, 


V = Theoretic velocity due to head = “2 gh, 
where g = 8%, and h = head from the 
surface of the water to the centre of tho 
orifice, 
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Specifications for Coacrete and Masonry. 
Goncrete. 


-mu(L):-The ballasg (brick or stone) should pass 
through a sieve, with meshes 14"4n diameter, 


nL rae ttnemenrenrerommrcenrantaenpiettanantessel teteenmhenrnetersnriltensetils 
* Bee Lyne's Hydraulgs, 
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(2.) In case of the stone ballast being used, it 
should be broken of a hard stone. 


(3.) For every 190 cubic feet of concrete the 
proportions of ballast, Kunkar lime and gravel or 
sand should be as below :— 


Ballast 113 eubic feet. 
Lime 40 cubic feet. 
Sand or gravel 50 cubic fect. 


Lime and gravel after, being ground together 
assume one-half of their original proportions. 


(4.) The concrete should be laid in layers of 
six inches and well rammef. The test of a layer 
having been well rammed is that if wdter is freely: 
sprinkled over it, tt would not soak into thé concrete, 
bat would remain on the surface. (Asa rough rule 
for practice two men with good substantial rammers 
can consolidate 100 superficial, feet in about 8 hours, 


¥, (B)? the ‘ballast and mortar Mud be well 
mixed up on a platform outside the foundation to 
prevent dry ballast being thrown in the foundation, 
The concrete should be carried in baskets and thrown 
into the foundation with a-whirling motion of the 
hands. 


Masonry. 


(1,)- In tanks Jl masonry should be of rough 
hammer-dregsed stones laid in lime mortar, in courses, 
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(2.) The face ,masonry should be of chisel 
dressed stones. 

(3.) No stone should be less than 1’ x yx’ 

(4.) The’ joints should not be more than 4 
apart. » 

(52) Plenty of mortar:should be used in the 
joints and pressed with a trowel. 

(6.) In walls wider than 1 foot, filling in the 
middle should be done most carefully and of as large 
pieces of stones (calla guétas) as possible, thoroughly 
grouted with lime morigr. Unless this is dune 
stones will not hold each other firmly and will be 
liable to displacement under any shock or pressure. 

(7.) Every 4th cowrse should be of binders fe, 
pieces of stong hot less than 1} x 1’ x } to Bverlap 
the lower courses and to bind them in one homo- 
geneous whole, 

* (8) Lime of the best quality available should be 
used (See Note on lime.) 
_(9.) The top of masonry should be egvered by 
slabs or pucca plaster, 


_ (10.) All face masonry*ehould be lime-pointed. 
All faces of masonry exposed to water should be 
plastered as all masonry ig liable to leakage. 


(11,) All masonry and conerete while in the 
course of construction should be kept thoroughly 
—~“Moisetitl the mortarasets, 


* Moisture is most ecessnr 'y to allow tho ( Carhonie® Actd Gna in ue. aly i] 
nux with lume and tiansfoum it into lmo-stone, 
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( 7.) Cross lines at the site of the overflow. 


At the site of an overflow or escape, specially 
when situated on flank, just where the ground 
begins tg rise higher than the R. L. of the cill, cross 
lines of level should be run at right angles‘to the 
Bund Line, at every chain, on both sides, to such 
lengths as would give an idea of the natural contours 
of the ground. From this it can be ascertained 
whether the flood water would flow ina rectangular 
sheet, or in the form of a wedge.© In the latter case 
the discharge would be about 4 that ofthe first. 


If the ground is of this character a channel at 
right-angles to the overflow ghould be excavated on 
both sides to give full play to the overflow. 


(8.) Survey Plan of the Nala. 


Where Bunds are thrown ag¢cross Nalas and 
specially when waste weirs are designed at places 
evhere the’Bund Line cuts the Nala, a Most accurate 
survey Sholild' be made of it, td devise means to pros 
tect the land in-front of the waste weir against the 
cutting back action of the flood water, passing over 
the apron in the Nala below. This point has already 
been dealt with at, length ‘under the head “ waste’ 
weir.” For evident reasons the survey of the Nala 
should extend taat least 4 or 8 furlongs beyond 
where the Bund is placed to givetthe designer a cor- 
réct idea of the eoursé and twists and turnings of 
the Nala. 
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Tn choosing the site of a Bund the designer 
should see that the Bund line cuts the Nala at right 
angles, in order that the water flowing into the Nala 
in times of fload, may impinge against the crest wall 
at right angles. ‘All things being equal a*wall at 
right fagles to the direction of moving water is cal« 
culated to staud the pressure of flood better. 


SECTION 6. 
Data for the rates of masonry etc, 
a 


* 

It is a bad practice to have fixed rates about 
masonry or an'y other wotk, for all places and all 
conditions, Conditions so much vary that a rate 
applying to some one locality can not apply to another, 
Rates should, therefore be fixed for any work in a 
particular locality after due consideration of the 
items of expense. As for instance in determining 
the rate of coneréte the following points should be 
considered:— 


(1.) Quantity of ballast requiredkLoy every 
hundred cubic fect of conerete. The coat of 
breaking it and carting it to ‘site, 


(2.) The proportion of lime and sand or 
gravel required for’ it, with their respective 
charges. The eost of grinding mortar, 

a 
‘(3.) Thacost of laying conerete in founda 


tion, ramming and waterfhg pey hundred cubie 
feet. 
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(4.) Profit to the contractor, generally 
12% per cent in the Gwalior State. 


Data for masonry. 
(1!) The cost of breaking and carting bo site 
130 cubic feet of stone, which yields 100 cubic feet 
of masonry. 
(2.) Cost of lime and gravel required for 100 
cubic feet of masonry. 


(3) Costof grinding the mortar, which includes 
the charges of constructing, mortar mills, 


(4.) Cost of constructing 100 cubic feet of ma- 
sonry, including lift and watering charges. 


(8.) Profit to the contractor asrabove. 
Data for puddle work. 


(1) Cost of excavation of f6undation. 


(2.) Lead aiid lift of earth required for pud- 
dling. 

“(ay “Cost of water, 

(4.) Cost of stirriig and kneading the puddle. 

(5.) Profit to the contractor, 

Datu for Earth-work. 

(1) Cost of earth for embankment. 

(2.) Cost of ramming and dressings 

(3) Lead and lift. 

(4) Profit to the contractor, 
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SECTION 7: 
Report, 


This brings us finally to the preparation of a 
Report—a comprehensive report for submission to 
the aat#ority which sanctions estimates, This report 
should deal with the following points :-~ 


(1.) General features of the country 


and the nature of the soil. 


(2.) Wat kind of tank is intended to 


be constz ucted. 


(3.) Reasons for the chvice of site, 
(4.)  Probalsle cost. 

(3.) Probable income, 

(6.) Palculationus and desigus, 


(7:) Data of rates, 


(8.) Summing up and reasons shown 
* 


whethe a tank should be constructed; M% not, 
for what considerations, 


Finis. 
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Glossary of terms alphabetically arranged. 


A. 

Ajfiuz—~ Means tne heading up or rising of the 
water level due to obstructi®n. 

Alignment—Means the marking out of a line, as 
that of rail, road or canal, 

Anicut—Aeterm for dam in the Madras Presi- 
dency. 

Absorption—M@ans the underground percolation 
of water. 

angle of repose (of a*soil)—Is the angle’ which 
the soil makes with the horizontal line when *henpacd 
loosely. This angle differs with diflergutsoils. The 
greater the angle the more the frictional stability. 

a 

Apron— Means the flooring of pucca masonry or 
stone on edge, below a waste*weir or overflow over 
which the water falls. 
gg sftonbsgessuront—Means the valuation o: the yield of 
“a particalar Inud and the reyonne ged for it hy the 
Seftlement Oflicor, 


( iit) 
B. 


Backwater—Stagnant water. Also water forced 
back by some obstruction. 


Ballast—Means pieces of stones used in concrete 
or covering Railway embankments. 


Batter —Means the slope, one in sixteen or more 
oy less, in walls (See Figure 2 Plate 1). 


Berms—Mean the banks on both sides of the 
yoad. The term also means the spaces left on both 
sides of a Bund, within which no borrow-pits are 
allowed to be dug. 


Bench Mark—Means a permanent mark whose 
height and position do not vary and from which 
survey or level wark is started or at which terminated, 
and which serves to check the accuracy of the works 
In long surveys or level lines B. M’s should be set up 
at every 2 miles, 


Borrow-pits—Pits from which earth is excavated 
for embankment or other purposes. 


Breast avall—A. wall to protect” the sides of Bs, 
cutting from weather and consequent disintegration 
and slipping. 

Cc; 

Catchment area (also called catchment basin or 
drainage areg )—As much area as is drained by one 
system of water-courses, or the piece Of™hed-whesa, 
collected rain-fal? passes through the same drain 
which is ence called Catchment Drain, 


( ii ) 
Culingulah— Overflow or waste-weir—a term in 
vogue in the Madras Presidency. 


Capillarity—Is that force which raises water 
above its level ¢. g. in sugar, earth, sponge cte. 


Cill—Tép of the crest wall. 

Clearance ( of silt )—Removal of silt deposit , in 
channels or wells. 

Confour—Outlife ; as referred to tanks it means 
a line joining those points in a tank which have the 
same R. L. ’ 

Collimation (line of)—Is the line which passes 


through the getttre of the object glass and thg inter- 
section of the cross hairs. Error in this occurs by 


the displacement of the diaphragm. 


Counterfort-A. buttress orea projocting piece 
tosupport a wall. (See Figure 44 Plate 8). 


Co-efficignt—A factor or multiplier* which is 
affixed to certain quantitieseto modify their condition, 
as co-efficient of discharge, of friction ete. 


Core-wall—A wall of masonry in the core or 
heart of an earthen Band with & view to piving 
greater stability to it.” Such core-walls are designed 

~in-plaees Where the Band crosses a Nala or a stream, 


Crest-wall—Is the wall o%er hich the flood 
water flows, 


( iv) 


Clear overfall—A. weir whose level is higher 
than the level of the water flowing over the apron and 
beyond. (See Figure 5 Plate 1). 


Citting—Means removal of stone or earth by 
blasting or excavation, for a channel, roadavay or 
railway ; also the opening thus made. 


Coping—Is the protection of masonry work at 
the top by slabbing or plastering. It is designed in 
a manner to add to the effect ofthe wall as an orna- 
ment, in addition to its utidity. 


D. 


Data—Facts or figures known ,or given from 
. ~ ait 
which unknown quantities etc are caletlated, 


Debarred area—Is an area yrhich is debarred 
from being irrigated by a tank, depending on a well 
for its irrigation, 


: Repth of wwatering—Means the total depth of 
water required by differeat crops from the time ‘of 
sowing the seed to their maturity. Depths of water- 
ing differ for different crops and soils and climate, 


Discharge (run- of’) —Means the quantity of 
water which passes through a given waterway, off 
a particular catchment basin, after makitS-wHewance- 
for evaporation and absorption. 

e ; 


Ce ee 
Drainage area—See catchment area. 
e 


Ce 4) 


Drowned weir—At weir the level of whose top 
is lower than that of the tail water. (Sco Figure 4 
Plate 1). 

Duty of water—As applied to tanks is tlre area 
which -c&a be irrigated bya discharge of one cubic 
foot per ” secontl, through a sluice hole or ottlet, 
working continuously throughout the year. Duty of 
water varies with different soils and different crops. 

E. 

Embankment—Heaping of earth in some regular 

shape, either for‘’a Band, rond or railway. 


Erosion—Means the scratching scouring or cut- 
ting action of water. 


Escape— Means a puced mitsoury waterway 
fo let off surplus water ofa tank during the time of 
flood. 

F. 

factor of safety—Isethe allowance male, ovar 
and above whatis got by calculation, with a view to 
provide some eXtra margin of safety against climatic 
effects, and unlooked for shocks or “pressures, As 
for instance large bridges are made 10) times as strong 
as warranted ‘by. mathematigal caleulation of all the 
stvesses they have to sustain! In old works of 
architecture the factor of*safcty is something consi« 
derable, The modern Jingineer, however, calls it a 
waste of money! Waste or no waste the greater the 
factor of safety, of course within a limit, the greater 
the ‘stability of a structure, 


( vi) 

Fullow—parat or parti, ‘arable land not under 
cultivation, either for want of tillers, or for rest. 
When any piece of land is tilled, season after season, 
and allowed no rest it loses, to a great extent, its 
fertilty and productiveness. Professor Bosé* the 
famous Indian scientist has lately preved that “ Res- 
ponsiveness” is not the peculiar characteristic of 
what we called the living creation, Thus metals 
and what was hitherto considered inert matter, 
have some sort of life and gét exhausted by over- 
work in the same way as animal and vegetable 
creation | 


Filling—The filling Gp of a depressed place with 
earth or any other material, Also am embankment. 


Formation (or Formation Kevel)7-The level or 
top of a proposed embankment. In Railway the 
level of the embankment below the ballast. 


G. 


Grout—Mortar or any cement reduced to a 
liquid state, with water, and used in filling the 
interstices in masonry work or stone pitching, 


H. 


Head—Means height or depth of water. As 
applied ta ténks it means the depth of waterway 
allowed over the gill, 


( vii ) 
Headers—tSones or bricks Inid lengthwise across 
a wall; also through ystones covering the whole 
width of the wall. 


A, F. L.—Means High Flood Level z.¢. the 
levél to which the highest food is calculated to rise. 
e 


H.W. L.-~-Means High Water Level i. ¢ the 
highest level of water a tank can retain. This is 
evidently the cill or crest level. 


Hydrqulic—Pertaining to water, as+ hydraulic 
: s 
pressure ; hydraulic mortar. 


[. 
JInundation Canal— As applied to a tank means 
the channel thyough wich the Hood water of a 
reservoir is infénded to pass on to other tanks ‘below, 
having poor drainage areas. 


ie 
Inertia—Is the incapacity of matter to change 
its state of motion or rest. When a carriago is 
shifhted into a siding you sec it moving ‘on for some 
distance after jt is released from the Mngines This is 
due to inertia. The carriage stops whan the inertia 
is overcome by gravity, 


d- 
Jack Bund—Small or subsidiary Bund in a 
tank, 


K. 


Kiln—A. farnace lor burning lime or bricks. 


( viii) 


L. 

Lamina-*Thin plate ( or section ) of any thing. 

Lead—Seo Note 3 Appendix 2. 

Lift—See Note 3 Appendix 2%. 

Lime-pointing—Is the filling the face joints of 
masonry with fine plaster and pressing*it in a neat 
and regular form. There are generally 3 ways of 
pointing. (See Figures 26, 27 and 28 Plate 5). 

Mi. 

Masin’s level or TihantiA templet used by 
masons to test the level of masonry work or to lay off 
aright angle. (See Figure 43 Plate 8). 

Moment—( Of a force cbout a point) is the pro- 
duct of the force and the perpendicular distance of 
the point on the direction of that foreo. (See‘ 
Figure 41 Plate 8). t 

Motor or motive power—Mean’ the moving Loree, 
also the machine moyed by that force, 

N. 

Newel—The upright post about which the steps 

of a circular staircase wind, 


OQ. 
Optical aris of a lens—Is.the line which joins the 
centres of the spherical surfaces by which the lens is 
bounded. 


Overfigw-—See escape, 


~~ 
ee 
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‘Parallae—Is the apparent angular motion of an 
object (seen through the telescope ) arising from the 
change of the pdint of view, This motion disappears 
when te image of the object is made to coincide with 
the plate of the cross hairs, by the use of the eye- 
piece, 

Percolation—Means' the oozing of water through 
earth or masonry ¢. f. seepage; leakage, 


Perennial (as applied to a river or spring)—Means 
a viverjor spritg which dées not dry up even in sum- 
mer, having water all the year round. : 

Perimeter—Means tie suin of all the sides of a 
figure. “ Wetted perimeter” is the line inva cross 
section of a river or Nala which shows the wetted 
section. (See Fignre 14 Plate 3), 

Pitehing Stones on edge Jail regularly to pro- 
te&t the surface of a UMiug from the eroding action 
of water. 


Porous (noun, porosity) —~A. substance is called 
porons when it casily absorbs and lets out water. 


Lotential area—Meitns the Jargest area which 
can be irrigated by a well in times of drought. 


Rea? ’ . 
Protection—Ius the techuical scuse means the 
Lmmunity allorded by irrigatin works to certain 
’ . +] a] 
tracts under their command in the yearyof drought, 


( x ) 


Puddle—Means the mixing of earth with water 
into “slush,” by well kneading and treading, to 
prevent leakage c. £ puddle wall, puddle trench. 


Q. 


Quadrangular—Having 4 angles 


R. 
Ravine—Means a Nala or a gorge cut by the 


scouring action of water in mountainous or hilly 
country. 


Reclamation ( of ground )—Restoring to cultiva- 
tion such land as has remained untilled for any cause. 


Reconnoissance—Means the cursory inspection 
of a country as a preliminary step to actnal survey. 


Regulator—Is* the head of a channel through, 
which the supply of water can be regulated 7. ¢., in- 
creased, decreased or stopped, accdrding to require- 
ments, 


Revetmeni—A. term indifferently used for retein- 
ing or,breast walls (Quude Vide.) 

Retaining wall—A wall which supports a made 
up embankment of earth or any other substance. 


Rotation of crops—Frequent change of crops on 
< ¢ 
any piece of land. 
S. 


Saturation—Means the absorption of water by a 
substance, as earth of sugar, to a point beyond which 
it can absork’ no more. 


Gt) 
Seenage—Oozing ont of water. 


Site—THe place or position of a thing, “ At 
site” medns at the place where construction is ,going 
on. 

Specifications—Means the memo of directions 
about the qualily and quantity of matorials to be used 
by a contractor in building a structure. 


Specifie gravity—Means the relative weight of a 
substance as compared witl that of water, bulk for 
bulk. 


Splay —Any turn given to a wall. 
@ 


Stability~*Means the power d£ a structure to 
resist the pressure which it has likely to bear. 

~ x . ¢ a 

Surcharged wall—Ayve retaining walls which 
have also to sustain the pressure of earth above their 
top"level. (See Figure"40 Plate 8), 

Syphon—An underground outlet for water 
(See Figure 43 Plate 8). 

T: 
Taccavi (advances)—Is the money advanced hy 


district officers to cultivators for seed grain ete, 


Templet (writtensalso template) —A gauge cut ot 
of a thin piece of a metal or wo8d to the form of 
the work to be executed. (See Figures #, 9 and 10 
Plate 2), 
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Tools and Plant—Meavu the implements like 
phaora, pickaxe, ranging rods, mallets, levelling 
staves, etc, used in surveying or construction of 
Wola “ Tools” refer to imlements made ai any 
metal, while “‘ Plant” to that of wood, 


Tonoyraphy—Is that branch of drawing which 
gives minute details of the natural features of any 
part of a country. c. f., Topographical survey. 


V. 
Velocity—Mcans the rate at which a thing moves. 


Virtual line of sight—Is the locusjof£ the points 
observed through a telescopé, % Wher the instrument 
is in perfect adjustment, optical axis of the lens, line, 
of collimation and virtual line of sight are coincident. 

p 


W 


Waterway—The space allowed for the outflow 
of water, 


Waste-weir—A pucea masonry dam across a 
Nala to imponnd water ; also providing water-way 
for the escape of surplus flood water. It is a more pré- 
tentious thing tha an overflow, though answering 
the same purpose. 


4 . ‘ ' 
Water-shed—That strip of high ground which 
divides two systems,of water courses or Doabs. 


e 
Watercsushion—A reservoir below a waste-weir, 
instead of a pucca apron, which gets filled with water. 
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° 
and bears all the impact of the water falling on it, 
It considerably deadens the shock of the , flood water 
falling‘over the dill. : 
Wep-holes (or Weepers)—Are small holes in a 
wall throngh Which the water passes out, 
Sy in 
APPENDIX No. 2. 
® 
Useful recipes, hints and formule. 
NOTE 1—Centent to join or repair a stone*. 


Fuse sulphur in some earthen pot or trough, 

and mix with it Gnely powdered stone of the, sume 

uality and colér with the piece to*be repaired and 

make the paste of thick consistency. The pieces to 

which this cement i 10 be applied should be heated 

first and then joine@ together and allowed to cool 
dowy. 


NOTE 2—Preservation of iron. 

There are four ways of protecting iron from 
the disintegrating and oxidising elfeets of climate 
vie i—" 

(1.) Boiling in Coal Tar. 

(2.) Heating and sincaring with linseed oil, 
(3.) Painting. 

(4,) Galvanizing. 


se tabinAnhtte Re EEA RARE 


* From Syed Jatar losin, 
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NOTE 3—Lead and lift. 


Lead is*the extra distance a material has to be 
carted or carried and which hasato be paid for: @ 
rates agreed upon, Also the extra money (hich! is 
thus paid, Lift is the extra height 4 material has to 
be lifted. ‘Asa general rule the cost of lifting 
earth or any other material each additional foot is 
equal to tlie cost of carrying it an exfra Jead of 10 
feet ”—Colonel Clibborn. 


NOTE 4—Water Cushions* (Dyas). 
(See Figure 15 Plate 3). 
* Depth of water cushions for weirs, 
d == Depth of fall from cies to surface (of 
water, ) 
H == Height (head) of water over top of weir. 


x == Depth of water cushion (required), 


x eH + [a * fa. f 


But prior to finding out x, we have to determine 
d, In channels /‘d” canbe sasily found but in tank 
waste-weirs where there is no channel beyond the 
apron the fodlowing will do as a rough and safe 
approximation :— a 


© Lx H 
inh ( T? ) 


* Sco Molesworth P. 298 (24h Elation.) 
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Where d = Is aseabove. 


h = Difference of H. FV. and Ground 
Level. 


Length of the cill. 


Ki 


As above. 


i 


Co om 
ba 


Distance between the toes of the 
outer wings of a weir (in tanks). 


(See Figyre 14 Plate 3). 
NOTE 5—Ferrotype gr Blue Process. 


“ By this process prints ave produced in Prussien 
Blue and White, a print taken direct from an ordi- 
nary tracing in Tydian Ink? giving white lines on 4 
blue ground. . 

Seen Solution. 


Be. xis Citrage of Tron and Am- 


monia . 100 SvHins. 

Water ..? aoe ates Ad ounce, 
B.. Red Prussiate of Potash... 70 freing, 
Water fee, Be. gu “A anIee, 


Theses solutions will keep indefinitely before 
mixing, but, when mixed they should be used at once 
or left j in the dark, 


Preparing the paper. 


Mix equal quantities of A aud and apply to 
one side of the paper with a sponge, Bie. sponge 
should be ag full as it will hold of the solution which 


enenmictenneinth bene iP moe 


* hoo Molusworll PB, 110 (21th Tilition,) 
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should be liberally applied to: the paper for about 
two minutes. Then squeeze out the sponge and 
wipe Off all the solution from the surface of the paper, 
care keing taken to use the sponge lightly, without 
abrading the surface, The paper, which is pow of a 
light yellow color on the prepared side, should be 
hung up to dry in the dark. . 


Priniing. 


The printing is done ia every’ respect in the 
same manner as for ordinary photographic silver 
prints, the tracing representing the negative. Be- 
hind the glass of the printing frame lay the tracing, 
face next the glass, behingl the tracing the prepared 
papé?, prepared surface next the irfiging. Put out in 
the sun or diffused day-light from 9 a. M. to noon; 
the time required ( for exposurg ) will be from 8 to 
10 minutes, In the afternoon, a somewhat longer 
exposure must be given. 


Fixing, 
The print is fixed by simply washing thorouyhly 
in clean water. 


Additoons and erasures. 


A white linemay be taken out by going overit with 
a quill pen or brush dipped in the ~ensitizing solu- 
tion, exposing tc the sun and washing as before. 
Additieas and corrections in white may be made 
with a quill pen. dipped in a solution of 40 grains of 
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Curbonate of Potash to 1 ounce of water, After 
using the solution the Potash (solution) must be 
dried with blotting paper and washed, or the line 


will spread and become blurred. ” 


N.+B —Simple as the process is the great draw: 
back is that the paper deteriorates: hy the slightest 
exposure to light—it loses its yellow character, and 
becomes dark yellow, and if exposed longer tuns 
dull blue-black. The ingredients used “should be 
fresh, and care should be takou to use fresh clean 
water, if distilled water isnotavailable., All the plates 
( preferably of China) for washing and fixing should 
be scrupulously clean, being washed-in many changes 
of water before wse. All, “the, _procgsses—sensjtizing 
paper, fixing in ” frame, washing and fixing—should 
be done in a dark room under ¢ orange or red | light, 
~ Marion’s Candle, costing about "a rupee, (to be got 
from Messrs. Nadkarni and Co,, Dealers in Photo. 
grasaic Chemicals, Bonibay,) will ansiver ‘all the 
requirements of the case, For fixing thé pitas 
should be well immersed under and washed in 
several changes of, water even after it Appears 
perfectly clean, to ensure thorongh removal of the 
sensitizing solution, as, if arty the least of it remains 
on the paper the print ggts discolored and blurred, 
Upon thorough cleanliness and strictaadherence to 
directions depend the brightness and permanency of 


«the prints, 
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NOTE 6—Gwalior Bighas and Acres. 


1 Bigha = 150’ x 150! or 22,500 sft. 
An acre = 4,840 x 9 = 43,560 sft. 


Thus an Acre is approximately equal to two 
. Gwalior Bighas, 


NOTE 7—Table of Regular Pelygons** 
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= 
Radius of 
the inscribed 
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Radius of the 
cirewmscrib- 
ed. circle. 


creme meee 











i) 


bo 
coo 
OO 
sO 
on 
J 
I 
oo 


+438 
Square tes ve | 8 ‘7071 | 10 
Pentagon ... ove bee -6882,| °8506 | 1:7205 


c 


Hexagon... te we | °866 | 10 2 598% 
150388 | 11524 | 8:6889 
Octagon... ase vss | 12071 | 13060 | 48284 


“ iy 
a cnmameeessertsteps ee tececemasahneneaee eaeasngratansesvcennsansnporemnsiviricnrjeasamma ints 
« Working rule-—TYo find the radius of the inscrib- 
ed or the circumscribed circle, multiply the length of 
the side of the polygon by the corresponding numbers 
in column (8) or (4): butin finding the area, the 
square of the side is to be multiplied by the corres- 
ponding number in column (5). The polygon des- 
cribed about.a circle will have that circle as its ins- 
cribed circle. : 


Pquilateral triangle 


Heptagon .. 


. 
° 
e 
. 
° 
e 


* 


on fe Om Ee OH 


ig 


* Quoted fré-n the Mensuration of Dr, Ziauddm M, A,, D, 8, 0,, Professor 
of Mathematics Aligaih, 


( xix ) 


Example 1.—The fide of a pentagon is 10 ft, 
Find its area. 


Area required = (10)? x 1'7205 sq. ft. 4 


Example 2..- Find the side of a regular octagon 
described about a circle of 100 ft. radius, Let x 
= the side required. 

» 100 = 12071 Xx 3 x = yh? ft 

NOTE 8 —Working powers of different motors.* 


“To estimate the amount of a force we require 
to know three things viz., the weight, (of the object) 
the height it is lifted, aaa the time in which it is 
lifted. A British’ unit of force is the weight of¢l 1b. 
lffted 1 foot ina minute. It is assumed that a horse 
can lift 33,000 Ibs. qne foot high in a minute, which 
are called 33,000 faot—pounds = III, P. or one 
Horse Power, 


Eaoample—Water moves ina channel at the rate 
of 2 cubic fect per second und falls from @ height of 
12 feet, find how much power, in termé of I, P, does 
it generate? When the water moves at the rate of 
2 cubic feet per second, .its discharge will he 
2x 60=120 ct, in a minute t¢, 120 x 624 Ibs. 
So the power pene in terms of H, P.= 


120 X 62:5 X12 * 





aac ean remertany 
* Sea the Guide (P, 207) of Ral Bahadur Ganga Ram, Me 1, OI, et Me My 
Exeoutive Engineer Lahore Division, 
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Working powers of man dnd some animals 
working 8 hours a day. 
Foot-ponnds * 


*Man in rowing a boat 7 ve 4,000 
» in moving wheels etc. with fect... § 8,100 
» turning a handle “is, weer 2000 


Horse eee eee ooe pee 21,000 
Ox eee eas ave oud eee 12,000 


Donkey et Ks vse gree 10,000 
Ass ... one eae cae we 8,500 


r ny 
The above, however are the nominal powers, the 
actual powers are something less.” 


NOTE 9—Lime Kilnt sud Pazaya or Clamp 
( See Figure 33 Plate 7). 
“Circular Kiln is generally used for burning lime. 


Figure Lst is the plan; figure 2nd longitudinal sec- 
tion and figure 8rd the er O88 section of a kiln. 


Lime Kankar is burnt with wood aud cow-ding 
in the following manner :— 


First @ layer of cow-dung 9” thick is laifl, 
then a layer of 3” of wood, over these is laid a 
layer of 37} cubic feet of Kankar, then again 
a layer of fuel 7” inches thick, followed by a 
layer of 624 cubic feet of Kankar. Add another 
similar layer of fuel, followed by ¥5 cubic fect 


of Kankar and-so on. ° 
Ss Scammer a i a me tanner ig 
; * Pet minute, 
‘ { See R. B, Ganga Ram's Guide P. 269, 
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Thus this kiJn contains 6 layers of Kankar 
(87% + 624 + 75 + 100 + 125 + 158)’ = 
550 cubic Leet of Kankar. In seven. layers of 
fuel 500 cubic feet of wood and 156 that of 
cove-dung, in all 656 cubic foct of fuel ure used. 
Thus the quantity of fuel is + more than that 
of Kankar. It should also be observed that the 
layers of fucl decrease from bottom upwards, 
while those of kankar increase. 


The lime thus burnt is considered to be 
vitiated by the ashes of fuel. Where very good 
lime is required, conl is used in place of wood, 
in this way: First a Jayer of coal 1 foot thick is 
laid, then the Kankar and remaining egal are 
heaped up mixed together. "Every 100 cft, of 
kankar require 35 oft, of coal. 


( Pazawa or clamp.» 
(See Figure 82 Plate 6), 


The bottom has four holes at right angles 10 each 
other, meeting in the centre, A piecewf*wood 6" or 7” 
thick is stuck up in the centre, round which the fuel 
and Kankar are heaped up, This is taken out when 
the clamp is full to leave some vent'for the commu- 
nication of air with® the bottom holes, The 
clamp is set fre to from the bottom. “First a layer 
of cow-dung 1’ thick is laid, andy then Kankar and 
coal mixed together is heaped up. To Burn 1,000 eft, 
of lime, 350 of coal and 125 of cow-dang are required, 
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NOTE 10—Rain-gauge or Pluvionfeter and how to use it. 
(See Figure 16 Plate 3). 


~ 
{(8")2 x |[ x 1"}°™ == the cubic ee vf 


1” rain at the mouth of the funnel. {(3)? x fT }" in, 
== area at the mouth of the gullet or cross section of 
the tube. So 1” rain on the surface of the funnel will 


rise {( $")? x iT x 1’jom {(#")2 x rn join 
4" in the tube. ? as 


The dotted line inside, the tube is a stick in 
which 30” are divided into 30 x 24 =: 75 divisions 
(cents.) ¢.¢. each inch = 24 divisions. When 1” of 
rain falls the stick rises in the tube 4” or 4 x 25 = 
10 divisions (or cents.) on the stick. To find out how 
many inches the rain has fallen during a given time 
we have to read off the divisions on the stick, and 
divide it by 10, the quotient is the rain fall in inches. 


NOTE 11—Foundations. 


It’is hardly necessary to say that on the strength 
of the foundations depends the stability of all the 
superstructure. Great care should therefore be taken 
in designing foundations, The following points 
should be kept in View, while designing them :— 


(1.) They should be strong enough to 
bear the permanent pressure (the Weight of the 
masonry and Cll other superstructure, ) 


{2.) They should also have some mar- 
gin of safety against accidental or occasional 
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pressures, as for instance, the concourse of 
people in a hajl or over the roof of a building. 


¢ 
(3.) They should be carried deep enough 
_ to be secure from wind and rain. 


(4.) Their surface should be normal to 
‘the pressure. 


(5.) The foundations should be unyield. 
ing or uniformly yielding. 


» (6.) In,treachcrous soils méans should 
be adopted to prevent the lateral displacement 
of the material which supports the foundation. 


(7.) Itisa mistake to design concrete 
in steps, as it canenot be properly consolidated 
unless supported on all sides by firnf earth. 
lividently the foundation can not be dug in 
regular steps, decreasing upwards, 


(8.) *In deep foundattons it is advisable 
to give a little baiter (See Figure 17.Plate 4). 
to obviate any slipping of earth over the labor- 
ers wérking in the pit. The batter should be 
increased in loose soils, Ordinarily » batter 
of 1 in 16 will be quite sufficient. The last 
8 or 4 feet‘of the foundations should be dug 
straight, 

(9.) All foundations should be carried 
to hatd firm soil, whose depth can be ascer- 
tained by sinking trial-pits (5 x 3°) before 
making out estimates, - 
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(10.) As far as possible the whole of the 
foundation should be dug to the same level, 
unloss the ground is ina sharp slope when it 
can be properly stepped. 


NOTE 12—How to roughly estimate the nuniber of 
stacks ( of stone ) and quantitios of Time and: ‘or avel 
required for any given piece of masonry work. 


The following is the formula for finding the 
number of stacks. 


Mx162 _ Q 
120 x 162. ° 


M 
ve mf. 


where M = Total masonry in*cubic feet 
and Q == The number of stacks required, 
t 


One stack “(or chatta) of stone == 9! x 9’ x Q! 
== 162-cubic feet. When one stack of stone is dress- 
ed foy musonry it yields approximately 120 cubic 
of masonry and hence the above férmula. Every 
100 cubic feof of masonry require 80 cubic feet*of 
kankar lime and 40 cubic feet of gravel. 


NOTE 13—Points to be kept in mind to insure 
accuracy in chain surveying. 
: 


(1.) The length of chain should be tested daily 
and ay shortness or clongation removed, 
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(2) All knots, gafter spreading the chain, 
should be removed by giving a strong shake to the 
chain, while the other end is held firmly. 


®). All lines from station to station should be 
ranged strnight very carefully and the chain ruu 
exactly along the line thus ranged. 


(4.) The chain should be held firmly but 
neither too tight ‘thor toagloose, 


(5.) When the 11th chain is spread out, the 
follower should make over the arrows to the leader 
and draw the attention of the surveyor to this. 
The surveyor, befote procecding further, should naake 
anentry of having surveyed another 10 chains, in 
his Field Book, 


(6.) To ensure that the exact tength of the 
chain. ig taken and no more,*the follower should al- 
ways put the interior of the loop touching the avrgw 
and the leader, tht exterior, 


(7.) In‘dragging the chain along the grountl 
a cant should be given to it to one side, to make it 
clear of the arrow. 


(8.) It goes without saying that all*entries in 
«the Field Book should be written yery clourly, as 
pambiguous or indistinct figures occasion ‘rout and 
, Sometimes, serious error, 
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NOTE 14—Points to be kept in mind to insure accuracy 
in levelling. 

(1.) Asa first step it should be seen whether 

the permanent adjustments of the instrument are right. 


(2.) The temporary adjustments too’ should be 
done most carefully. 


(3.) The instrument should be set wp midway , 
between the staves to obviate any error due to 
collimation. 


(4.) In chaining ,along with levelling all the 
direstions about chain surveying should be followed, 


(5.) The staves should be set up on wooden 
pegs driven firmly intot the groynd and projecting 
from it not mdre than ¢ of an incl. 


(6.) The staves should be held truly vertical 
and to obviate any possibility of mistake the cooly 
shonld betold to move the staff, very gently, backwards 
and ‘Lorwar ds, the least réading being the right one. 


(1. } Atevery change 6f dibeotibn the Back 
Bearing tfaa line should also be taken to ascertain . 
whether the Fore Bearing has been taken right! ye 
The Back and Fore Bearings ofa line should differ by 
two right angles. = * 


(8.) In reading frém the staff the foet should 
be read off first and recorded, and then the bubble seon 
to, and feet, tonths and hundreths read of together, 
“Any mistake in tenths and hundreths does not matter: 
so much as that of feet. 
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(9.) Different staves are differently smarked. 
The leveller should, prie to starting level work, see 
how the staveg are divided, and how the feet, the 
tenths and hundreths are to be read. This, though a 
trifling ‘matter, leads 10 serious error sometimes,” 


(10.) The-levellor should try to level the 
instrument by legs first and then by the foot-serews, 
having brought all the screws in the middle of their 
pitch This not only prevents the wear of the screws, 
but renders*the vork oflevelling casier. Of course 
dexterity is acquired by pragtico, in this as in all 
other manual operations, 


(11.) As an extra precaution against possible 
error, where greatgaccuracy 1s desired, ihe ingytrument 
should be taken Up and set up again, * [f the différence 
of Back and Fore readings tallies with that obtained 
before, the readings are right, 

(12.) Where great accuracy is desired levelling 
shoukl not be done when the wind is high or’ glare 
of the sun oxcegsive. : 


Nore—For ordinary levelling orfor due to 
refraction and curvature may be 
neglected. 


NOTE 15—To protragt angles with any scale 
This is a modification of the Scale of Chords, 


Working rule—Stretch the c@mpass to exactly 
> ae * ‘ 
60 divisions of any scale and from the end gf a line 
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A.B, limited at one end A and unlimited at the other 
B, as centre draw an are BC batting A Bin B and 
from B as centro and as many divisions ( of the scale 
used before) as there are number of degrees in the 
angle required to be protracted (minus* zy of these 
divisions) draw another are P C EE cutting BCin C. 
(See Figure 18 Plate 4). JoinC A. CAB will 
be the required angle. Ifthe angle required to be 
protracted contains minutes as well, the minutes 
should bereduced to the fraction of a degree and the 
same fraction of a division on’the seale may be added 
to the whole numbers (mfinus, of course pyth of the 
angle,*as before.) 


This method of protracting angles is of inesti- 
mable value in Giound Tracing, aseany angle can be 


e . % 
protracted by meins of the Measuring Tape. F 


Example—(See Figure 18 Plate 4). Required 
to protiact an angle of 15°-30', Take a line A B 
equal to 60 divi8ion of any scale. From A as centre 
and A.B as radius describe kn are BC. Now 147-30! 
== [535 == 9° ; ay of 4 = 1, Now take in the 
compass 15§— 34 divisions = 4} — Gh oe 55 581 ox, 
527 == 142 dPisions, and with B as centre and these 
divisions as radius describe the arc P C E cutting the 
arc B.C in C. Join AC. BAC is the required 
angle. In ground tracing this approximation gives 


as correct results as an angtflar instrument. 
t 


ae en reid emerennmeenemn ener innit ennai 

* The reason of this 1s that if a right angled isosceles triangle be drawn 
with its bage and peipencpeula: cach = 69 divisions of a scale, the hypote. 
nuse of the same is =: about 8% divisions, So fo. 90° wa have to take 88 
drvisions 2 @ yfy = Yy less than tho number of di gices reqmred to be pid. 
tracted In@he samd p) oportewn for other angles, 


( xxix ) 
NOTE 16—Prismatic Compass. 


In the Prismati¢ compass owing to the prism 
being placed-at the reverse sido of the graduated ring 
foy the conveniénee of the observer every thing seen 
thtough it is reversed and hence the zero or North 
point of the ring is placed in the South and the de- 
grees begin from zero to 180° from right to left, like 
the clock work motion (See Figure 46 Plate 9). 


NOTE 17 —Plastor for lime-pointing. 


Burnt lime of of the best kind (preferably 
stone lime) ... ben vw» 40 oft, 


Gravel or sand very fine ve 10 ft, 
a 


Jaggery ‘or molasses «46, vee 1 Seer, 
Hemp (finely cut) one ws» 1 scer, 


Belgri or Imlora root... 8—to 5 seers 
(well boiled and strained: y 


All these to be fincly ground in hanimill or 
on edge-stones. 


NOTE'18—How to cancel mistakes due to collimation, 


It must be known to the reader that by placing 
the instrument midway,between the staves, any error 
of collimation is cancelled. When, »showever, any 

: obstacle, like a sudden rise or dip in the ground occurs 
a. 
“and it is not possible to place the instwrment exactly 
in the middle, the instrument should be fomoved to 


some convenient place, exactly at right angles to the 
chain line at the point where thb instrument ought to 
have been set up and the readings taken. (See 
Figure 19 Plate 4). 


Another method is that the instrument may Be 
set up at some convenient place, at unequal distances 
from the tivo staves and readings taken. Any mis- 
take will get cancelled by reversing the distances in 
the next setting up. (See Figure 20 Plate 4). 


0 
NOTE 19—Ellipse. 
t 
Areu of an ellipse. 


hen os Major Axis x Minor Axis x | | 


T 


) 
or Major Axis | Mindr Axis | D> 
er ogre oer ge | 


Nots.—This formula is thus analogous to” that 
for finding the area, of a cir ae 


The ‘volume of a Pr alate spheroid On the voltime 


of a sdlid whase longitudinal section ts wa “ellipse, 
Volume = Major Axis x (Mi snot Axis) x iT | 


NOTE 20—Given the bearings of the lines of a cireuit 
to find the interjor angles. 


(Sce Figure 29 Plate 5). , 


This is the forftula which can be verified from 
the figure. -. 


, 
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From the Fore Bearing of the second line con- 
taining the interior fhgle subtract the Fore Bearing of 
the Ist line containing the interior angle, add or 
subtract 180 according as the result is less or groater 
than’ 180, the result will be the interior angle required. 
Or br felly, 

2nd F, B.—-1st F, B,4180 == Int, Angle 


When the 2nd F. B. is loss than Ist F. B., theix 


” difference is taken pr ofixed with the sign estan and 


180 added os 1b, 


NOTE 21—Given all the frtterior angles and the bearing 
of one line-to find the other bearings 

To the bearing of the line preceding ‘that of 
which the beasing is sdught add the interior angle 
formed by these two lines, and the sum increased or 
diminished by 180, according as it is less or greater 
than 180 will be the bearing of the next line, (See 
Figure 29 Plate 3 ). 


EDAD’ 
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APPENDIX ao 3. 
Theodolite. 


It is not clear why the Theodolite is considered 
such a bugbear by the lower subordinates. It is mo 
doubt a very delicate instrument gnd requires 
very careful handling and presupposes some know- 
ledge of Trigonometry, in addition to Arithmetic and 
Mensuration, but once understood it is as simple as . 
any thing. "What I mean to say is that there is 
nothing complex about it. Space forbids any des- 
cription of the appearance ‘of a Theodolite or its 
mechanisin and adjustments. I will give briefly the 
uses to which the instrament can be put, They are 
as under t— : 


(1,) Reading the Bearing of a line. 


(2.) Reading the interior angle between two 
lines, 


{3) Laying out any angle on the’ ground. 
(4.) Finding out the height of an object. 
(5.) Ranging or producing a line indefinitely, 
(6.) Laying out a curve. 


Nors—It is not thought necessary to make any 
reference to the Trigofiometrical Survey, as it is not 
a . . q 

ordinarily reeuired. 
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bs e 
Before describing the above some definitions 
would be necessary, os algo an explanation about the 
use of the Vernier Scale. 


. Angle of elevation—Is the vertical angle read on 
the are of the Theodolite above the horizontal line, 
‘originated by the intersection of the cross hairs being 
directed to the top of the object whose height is td be 


determined. 


Angle of depression—Is the vertical angle read 
on the are of Theodolite bekow the horizontal line, 
originated by the intersection of the cross hairs being 
directed to the bottom of the object whose height is 
to be found. 


: Slow-motion Screw—called also Tangent Screw 
or Mecrometer Screw. It is attached to a clamping 
screw. When any plate is clamped and it is required 
to move it slightly, this screw is used.” 

8 


How to use the vernier, 


The degrees and 20 or 40 minutes, agcording as 
the case may be, cun be read off directly from gradu- 
ations on the lower plate by a look at the position of 
the index or the arrow of the verniey, through the 
eye-piece. Any fraction of 20 minutes* is read by 
vernier in the following way :s~After,vending off 
degrees and 20 dr 40 minutes if there are any, if the 





P ® 
* Dhese fomarkes apply to a Theodolite whose dogrecs are diyded into 8 
parts. Thero are instruments in which degrees me divided into 4 parte, 
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vernier points to some further'raction of 20 minutes, 
pee roughly what fraction of 20 minutes’ the arrow 
points to and then travel your glance along the divi- 
sions‘on the vernier, and find out what line on “the 
vernier coincides with a line on the lower: plate, 
This line (on the vernier) will point the number of 
minutes and seconds to be added to the previous 
reading, e. 9. (See Figure 30 Plate 6). By a very 
look at the graduations we can find oat that the arrow 
of the vernier points to 1° and 20’ and some further 
fraction of 20’, which to fhe eye appears about 4th of 
the minor division of 20’. Now glancing along the 
Vernier Scale we see that the Ist line (of the minor 
division) after 4 coincides’ with a line below, so we 
are sure that 4’-§0” are to be addéd to the angle 
already read off ( 1°-20’ ) i. ¢. the angle pointed out 
by the vernier is 1°-20' + 4’ — 20" = 1°~24/~20" 
The seconds afe unimportant for ordinary work, 
unless:very great accuracy ts required. ; 


d,° Rendigg the Bearing of a linejfrom the North, 


Bearingfa line from the North means the 
angle which that line makes with the North line, 
Bearing is always of a line. When the bearing of a 
point is spoken of we mean the bearing of the line 
joining that point to the pdint where the instrument 
is set up. 

Process. 

(1.+ Set up the tripod and see that the plumb 

. bob points exactly in the centre of the station peg. 
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(2.) Level the instrument and focus and 
remove the defect of the Parallax. 


(3). Olamp the vernier at zero (860°). 
(4:). Make*the magnetic needle point exactly 


to North by shifting the. lower plate ( of course the 
upper plate with it). 


(5). Clamp the lower plate removing any slight 
deviation of the needle from the North line by thé 
Mecrometer Screw attached to the lower plate. 


(6.) ‘Release the Upper plate and intersect the 
flag or the point whose bearing is required. 


(7.) Clamp the upper plate, removing any 
deviation from the point inter sected by the tangent 
serew of the wpper plate, and read off the angle 
pointed out by the same vernier which was fixed at 

zex0. 

(8.) To test whether « Bearing, has been taken 
rightly, remove the Theodolite to the forward station 
and fom that take the Back Bearing of the line, If 
these two readiggs differ by 180°, the readings” are 
right. In removing the tripod the lower plate need 
not be untlamped, as it would save the processes (3), 
(4) and (5), but where great accuracy is desired all the 
‘processes should be done anew. i ; 


2. How to reaf an interior angle, 
Prooss. 


(1), (2%) and (3) as above, | 


x 


( xxxvi ) 


(4.) Intersect the back flag and clamp the 
lower plate, removing any deviation YY the tangent 
screw of the lower plate. 

(5,) Release the upper plate sad intersect the 
fore flag. 

(6.) Clamp the upper plate, removing ‘any 
deviation ‘from the intersected flag by the use of the 
Slow-motion Screw on the upper plate, and read off the 
degrees by the same vernier, 


3.” Laying out any angle on the ground. 

Suppose the line or direction A B is given (by 
pegs) and it is required fo lay out on the ground the 
angle A BO. (See Figure 47 Plate 9). 

Set* up the instrmment at B and clamp the 
vernier at zero and intersect the flag at A (the bottom 
of the flag where it rests on the peg, if possible) 
and clamp the lower plate. Release the upper plate 
and set the same vernier at the required angle and 
clamp the upper plate, removing any deviation by the 
tangent sevew of the upper plate and see through the 
teleScope and bring the flag er rod eractly at the 
point of the intersection of the cross ‘hairs and drive 
a peg in the ground. Get the cooly or Khalasi to 
set up the flag again on the peg and if the flag is in 
position get thé man press down the the pointed end 
of the rod on the top of the peg where it was set up 
and drive a*nail into the point. Cords stretched 
between A.B and B C will give the required angle. 


: OF course levelling the insiiument etc, oto, 
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4, To find the height of an object. 
(See Figure 21 Plate 4). 
(1.) Set up the tripod at the peg with the 
plumb. bob pointing exactly in the middle of the peg. 


(25) Level and focus and remove the defect of 
Parallax. 
(3.) Fix the vernier of the vertical are at zero. 
(4). Bring the bubble of the telescope in the 
centre of its rin by the two conjugate screws which 
fasten the pendent piece (containing the clamping 


screw of the arc) to the projection in the upper plate. 
This is to make the telescope truly horizontal. 


. (5.) Unelamp the are and intersect the top most 
; Point of the obfect whose height isrequired afid read 
“off the angle of elevation on the graduated arc, 


(6.) Intersect the bottom of the object in the 
same way and read off the angle of"depression., 


9 (7.) Measure the horizontal distance from the, 
peg to the bogtom of the object. 


Now AB=AC+BC. 

AO = CD (horizontal distanee) x tan <« A D O 
CB=ODx tan<e BDO 

~AB=CD {tan ABO +tanBDO.} 


To find dut the tangents either Chamber’s or any 
other Mathematical Table of Taiqgents may be used. 
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If the bottom of the object is not visible then to’ 
A C, found in the above way, add the height of the 
instrument (from ground to tke centre of the eye 
piece.) : 
5. Producing « line indefinitely, 

(1.) Sct up the instrument at any interniediate 
point in the line which is to be produced, But this 
point should not be less than 5 chains from the last 
pegs | 

(2.) See to all the temporary adjustments 
enumerated above. 


(3.) Clamp the lower plate firmly, but not tod 
tight as that wears out the instrument, 


(4) Release the upper plate. 


(5,) Intersect the ranging rod eset up by the 
leader and hgld truly vertical at the last peg of the - 
line and clamp the upper plate as well, removing any 
deviation from the rod by the use of the tangent 
screw. ‘ 


This gives the direction of the ling, which, gan he 
produced to {nother 5,000 feet, if the weather is.calm 
and clear and $lare not excessive. At every new 
chain spread out, the leader gets the true position of 
the peg by putting up the ranging rod and removing 
it laterally at the signals from the surveyor. Of 
course none byt trained Khalases can perform these 
operations, Every 1,000 peg should be taken most 
carefully, and squafe peg put in, 
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6. Laying out a curve. 


In Railways curves are an absolute necessity as 
the train can not change direction without going 
along A curve. Curves are also necessary at a ehange 
of direction in a road, canal or channel. Ii is poxsi- 
ble to turn off a channal abruptly ata corner but this 
would be unnecessarily exposing the cornor to , the 
pressure of water impinging against it, ; 


There are-many methods of setting vut curves, 
but we will consider only 2, viz. (1) by Chords and 
Offsets and (2) by Theodolite. 


I. To set out a curve by Chords and Offsets 
without the aid of amy angular instrument, 


"(See Figufe 22 Plate B)s 
(chord )? 


2 radius 
=, (chord )* 
2nd offset oe aa 

If the last length is a full chain, to resunte the 
new tangent line set off as at the firste$ the offset, 
If the tangent found occurs at a fraction of thé Jast. 
chord, then set off a proportionate length of the half 
offset, the proportion of*the sqhares being used. 
( See figure 22 Plate 54). 


2, 0 set out @ curve by Theodolite, 


Ist offset = 


Before showing how a curve is sai out by the 
Theodolite, it is necessary to give some définitions, 
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- Angle of sieve Te the | angle in a circle or 
. curve which is subtended by a chord equal to 100 
feet. Thus the larger the radius of a curve, the 
‘gmaller the angle of curvature and vice versa. “Ory in 
other words, angle of curvature varies invemsly. as 
radius. | 

_ + Also the larger the angle of curvature the sharper 
the curve and vice versa. Thus where a sharp curve 
is intended. the angle of curvature is increased. 


“@.) The angle which the new direction makes 
with the old is called the angle of deflection and is 
symbolically written as <b. Thus in figure 23 Plate 5 
D Bis the direction of the new line while B C 
of the former and the angle C B D is, the Deflection 
Angle. 

Before setting out a curve the following in- 
formation is firsttto be worked out :— | 

(1). Intersection Point (chainage of) | 

(2.) ‘Deflection (angle of) —.right. or left. 

(3) «%. C. = Angle of curvature, 

(4) R= - Radius of the curve, 

(5) LG. = Length of curve,’ 

(6.) Tangent, lentgth of. 

(7.) " Ist'and 2nd tangent points.. 

(8,), Chétd lengths with correspondiag 
_,_ tangential angles, — 


( xli 
“(1,) _dntereaction Points 


This depends on the choice of the survey or} he | 
‘fixes this point for manifold considerations (which 
need not be specified here) which lead to the change 
cof. direction. A. square peg should be driven at this: 
point with anail on its top to indicate the exact 
‘point of intersection, A pueca Bench Mark is to be 
‘Hiilt about this peg, but the peg is on no account’ to 
be disturbed, The chainage of this point should. 
carefully bé noted in the Field Book, as it is the basis 
of all calculations, 5 
(2,) Deflection. 

Right or left, This is known according as the 
line turns to the right or left of the original line. 
‘The surveyor’s reht is marked on the index gplan, 
Which it is his daty to follow as far gs possible, 
unless he has cogent reasons to the contrary, If 
after reaching at a particular point thg surveyor sees | 
that ony prolongation of the line leads him further 
from ‘his route he would use his ‘discretion to divert 
the line—right or left according to the ciyeumstahoes: 
of a case. As long as the required towyg or villages 
are served, it does not matter how the line is oartied, 
provided it is less expensive than the line marked on 
the index sheet and no enginebéring miktakes are made, 
(See Figure 23 Plate 5). 

(3.). Angle of curvature, 

This the surveyor determines» from the consi- 

Jeration, whether the curve would be sharp 4 or light; 
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which again depends upon, whether the deflection is 


sharp or easy for light deflectitns light curves are 
indicated and for sharp, sharp. 


A deflection of from 1° to 20° is light; fromi 20° to 
40°, medium, beyond it sharp. 


Likewise, angles of curvature from 1° to 3° give 
light curves, from 3 to 5° medinm and beyond that 
sharp. 


(4.) Radius. 
This is found simply"by dividing 5730 by the 
angle of curvature, 
(5,) “Lengih of curye. 
(See Figure 24 Plate 5). 


The angle at the centre of a curve is equal to 

the angle of defltction ( by Euclid 1:32), and it has 

already-been said that the angie of curvature is the angle 

»Bubtended by a chord = 100 feet. . So the length of 
curve can b¢ found by simple Rule of Three, © ‘ 

100’ : Length of curve :: angle of curvature : 


to angle at centre. (= <b) 


~ 
Length of curve = * 100 x 0 angle, 
¢ ngle of curvature, 
(6.),, Length of tangent. 


Thistcan be found by the formula :— 
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Tangent = Radius x ton DS This formula will 


be readily intelligible to a person who knows Euclid 
and radiments.of Trigonometry. 


(7.) Tangent Points. 


1st Tangent Point is found by subtracting the 
length of tangent from the chainage of the Intdrsec- 
tion point. 


2nd Tangent Point is found by adding the length 
of the carve to the chainage of the Ist Tangent Point. 


(8.) Chord lengths with corresponding tangential 
angles. 


( See Figaro 81 Plate 6 ). 


The first chord length i ia found by’ subtracting 
the chainage of the Ist Tangent Point from the next 
complete chain of 100 feet, Afté: this as many 
chords of 100 feet as, toyether with tho Ist chord, 
would be within the length of curve, The last chord 
length (something less than one chain) #s found by 
subtracting the sum of all the chord lengths (but 
last) from the length of curve. 


Tangential angles: 


It will be evident from figure 25 Plate 5 that 
a tangential angle for any chord is i of the angle 
subtended by the chord at centre, Thus when the 
chord is 100 feet and the angle of curVature, 6° the 
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Tangential Angle would be 3°, Tofind the Tan- 
-gential Angle of the first cfdrd the following is 
the proportion. 


Angle of curvature : tangential ang se, Ida, 
ee (required) ~ : 100’ i chord 


tangential angle = <. ¢ x chord 





100 


The next tangential angle 1 is found by adding 


za aL —— to the Ist and so on, till the last but one; 


the last == 4 the angle of deflection, 


When all these details are worked out and 
checked, both the tangent points sheuld be pegged by 
setting up the Theodilite at the Intersection Pointe 
This done the instrument is removed to the Ist 
Tangent Point. The upper plate is fixed at the zero 
and the rod at the intersection point, intersected by 
the cross hdir and the lower’ plate clamped as avell. 
They release the upper plate and move the telescope 
to right or {gft, according as the deflection is right or 
left till the required tangential angle is pointed out 
by that vernier, which was fixed at zero. The leader 
then advances incthe direction of the telescope and 
pegs the Ist chord the telescope is again moved 
till the required (2. ¢ 2nd ) Tanpeatal Angle is 
pointed out by the vernier and the gnd peg put in 
ata chain length from the last point, at the inter- 
section ofecross hairs, and so on. 
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The tests of the curve being laid out rightly 
pve t— 
(7.) That the Jast actual chord length 


on the ground is what is recorded in the 
actails. 


(i.) The tangential angle shown by the 
rod placed at the 2nd tangent point is What 
has been arrived at by calculation. 


A mistaké of 2 ov 8 inches in the last chord or 
2 on 8 minutes in the last gangential angle dose not 
signify much. 


PPA 
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arenes. No. 4. 
Lime. 


As lime is the basis of all pucea work its im. 
portance can not be over-rated. Upon a ‘conrect 
estimate as to the quality and ingredients of a parti- 
cular lime Kankar or lime-stone, the strength and 

stability of a structure depend. In the natural 
state lime is to be met with of varying degrees of 
purity. An engineer must have sure tests of find- 

ing out the proportions of different substances found 
mixed with lime. Upon‘investigating this, to a cer- 

tain dégree of approximation, will depend his decision 
sa to how much sand or gravel is to be mixed with the 
lime get good mortar. “Sand or gravel i is added to 
lime for soap reasons, vizi— 


' 


"( i.) For economy, to increase the quan- 
tity of mortar, lime costing much more than 
either sand or gravel. 


(ii.) To increase the crushing strength 
of lime. Lime by itself in its"pure state has 
very Kittle crushing strength. 


(iii.) To reduce to a minimum any 
sorinkage of mortar in the course of setting, 


(iv.) To help in and expedite the setting 
of mortar, as the particles of sand allow some 
ingress to air charged with carbonic acid gas, 


meat, 





¢ 
* Qrushing strength, means strength to regist orughing, 
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Jaggery (or molasgos, Urdtt Gur) also is added 
to mortar for (Mis purpose, as also to keep the 
mortar moist while setting. Jaggery being a 
deliqoscont substance, easily absorbs and re- 
‘tanis any moisture in the surrounding air. 


When it is desired to increase the hydraulic 
properties of lime Surkhi* is mixed with lime instead 
of sand or gravel. 


Molesworth gives the following recipes which 
are worthy of note :— 


Mortar. 
1 of lime to 2 to 8 of sharp river sand, 
Coarse Mortar. 


1 of lime to 4 of coarse gravelly sand. 


Hydraulic Mortar. 


1 of blue ins lime to 2} of brunt clay, 
ground together. 


Boton or hydraulic concrete. 
1 of hydraulit mortar to 14 of angular stones 
(ballast.) 
Water proof mastic coment. 


1 of red lead to 4 of ground lime and 5-of sharp 
sand mixed with boiled oil, 





* Brick-bate reduced to powder, 
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Portland cement. 
It is composed of clayey mud and chalk ground 


together and calcined at a high temperature, and 
then ground to a fine powder. 


Vicats’ classification of lime stones. 
,(1.) Fat lime ( pure lime )—-does not set in 
water. 
(2.) °*Poor lime—mixed with sand, which does 


not alter its condition. 


(32) Slightly hydraulic lime—containing 8-12 
per cent of silica, alumina, magnesia, iron and man- 
ganese. Sets slowly in water. 

& 


(4.) Hydraulic lime+-containing 12—20 per 
cent of the above engredients, sets in water in 6 or 8 
days. 


(5.) Kminently hydraulic lime—20—30 eper 
. cent of the above, sets in 2 to 4 days. 


(6.) Hydraulic cement—containing 30 to 50 per 
cent of argil (clayey earth) sets in a few minutes and 
attains the hardness of stqne in a month. 


Tests ,of Lime stone and Kankar. 


_ There are two ¢ests for finding out the quality 
of lime viz, Practical and Chemical. 
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Practical tests, 


(1) "They (lime-stones) dissolve wholly or 
patty in weak acids with brisk effervescence. They 
ategiearly insoluble in water. They can be scratched 
with an iron point” (Molesworth). 


(2.)  Lime-stone, which is of different eolors 
from black to white, when immersed under water-for 
some time*does ngt shine and is velvéty to touch ” 
(R. B. Ganga Ram), The test of a good lume kankar 
is that it should have pr ojecting nodules on its sur- 
face. This class is called Bichhwa by Indian masons. 
When freshly excavated the kankar is found covered 
with a crugpof earth, which should be sergped off, as 
it vitiates lime. A good lime kankar When burnt 
should be of dull yellow color and should fall off in 
flakes on being slaked, Any redness in the burnt 
lime indicates that the earthy crust with which it is 
eovered in its natural stute, has not been scraped gf. 
Snch lime should cither be rejected or pfoportion , of 
sand or gravel to he mixed with it Q&creased. When 
mixed with gravel and thoroughly grotind, lime 
mortar should have las, #. ¢., should be clammy and 
sticky to touch,. A mortar in tvhich this is absent 
should be looked upon with suspicion. 


‘The crushing strength of Jime should be 80 lbs. 
per square inch, while the breakingsstrength 150 lbs. 
per square inch. 


go] =) 
‘Chemicals Tests.” 


1, Take a piece of Jime stone and wash-it well 
of all earthy deposits and weigh it. Burnit till it isred. 
hot and allow it to cool down and then weigh it again, 
The difference in weight is the weight. of carbonic 
acid driven off by heat. From this the proportion of 
lime in the.stove can be found out, as every 100 
parts of lime-stone contains 56 of lime and 44 of 
carbonic acid. | 


2. Roorkee Building Materials. 


(1.). Pound the sample and pass it through a 
fine sieve. 


(2.) ~Put 150 grains into a tumbler® pour gra- 
dually in it diluted Hydrochloric Acid, stirring and 
addingsthe acid until effer vescence ceases, 


(8.) Filter through blotting paper and then 
awash by pouring at least a quart of water thir ough itr 


(4) carefully collect the remainder, dry. ‘and 
aveigh it, its weight deducted from 150 graina will 
‘give the weight of carbonate of lime. 

é Le 

{5.)0 Wash the remainder repeatedly with 
‘decantation to remove the lighter, particles of clay, 
then dry and weigh the sedimet, which may be 
assumed to be sand. 








* Of course both these tests give rough approximation, 


( io) 
If we fiud the three ingredients in the following 
proportions, the lime will bea fair one for general 
PUL ROBLES t— = 


Carbonate of time ©... 112 grains. 
Clay " ete ees iM) ” 
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